David  Klein 


Organic 


Student  Study  Guide 
and  Solutions  Manual 

for 

Organic  Chemistry 

David  R.  Klein 

Johns  Hopkins  University 


WILEY 


JOHN  WILEY  &  SONS,  INC. 


ASSOCIATE  PUBLISHER  Petra  Recter 
DIRECTOR  OF  DEVELOPMENT  Barbara  Heaney 
SENIOR  DEVELOPMENT  EDITOR  Leslie  Kraham 
SPONSORING  EDITOR  Joan  Kalkut 
MARKETING  MANAGER  Kristine  Ruff 


This  book  is  printed  on  acid  free  paper. 

Founded  in  1807,  John  Wiley  St  Sons,  Inc.  has  been  a  valued  source  of  knowledge  and  understanding  for  more  than 
200  years,  helping  people  around  the  world  meet  their  needs  and  fulfill  their  aspirations.  Our  company  is  built  on  a 
foundation  of  principles  that  include  responsibility  to  the  communities  we  serve  and  where  we  live  and  work.  In 
2008,  we  launched  a  Corporate  Citizenship  Initiative,  a  global  effort  to  address  the  environmental,  social, 
economic,  and  ethical  challenges  we  face  in  our  business.  Among  the  issues  we  are  addressing  are  carbon  impact, 
paper  specifications  and  procurement,  ethical  conduct  within  our  business  and  among  our  vendors,  and 
community  and  charitable  support  For  more  information,  please  visit  our  website: 
www.wiley.com/go/citizenship, 

Copyright  ©  2012  John  Wiley  &  Sons,  Inc.  All  rights  reserved.  No  part  of  this  publication  may  be  reproduced, 
stored  in  a  retrieval  system  or  transmitted  in  any  form  or  by  any  means,  electronic,  mechanical,  photocopying, 
recording,  scanning  or  otherwise,  except  as  permitted  under  Sections  107  or  108  of  the  1976  United  States 
Copyright  Act,  without  either  the  prior  written  permission  of  the  Publisher,  or  authorization  through  payment  of 
the  appropriate  per-copy  fee  to  the  Copyright  Clearance  Center,  Inc.  222  Rosewood  Drive,  Danvers,  MA  01923, 
website  www.copyright.com.  Requests  to  the  Publisher  for  permission  should  be  addressed  to  the  Permissions 
Department,  John  Wiley  &  Sons,  Inc.,  Ill  River  Street,  Hoboken,  NJ  07030-5774,  (201)748-6011,  fax  (201)748- 
6008,  website  http://www.wiley.com/go/permissions. 

Evaluation  copies  are  provided  to  qualified  academics  and  professionals  for  review  purposes  only,  for  use  in  their 
courses  during  the  next  academic  year.  These  copies  are  licensed  and  may  not  be  sold  or  transferred  to  a  third 
party.  Upon  completion  of  the  review  period,  please  return  the  evaluation  copy  to  Wiley.  Return  instructions  and 
a  free  of  charge  return  shipping  label  are  available  at  www.wiley.com/go/return  label.  Outside  of  the  United 
States,  please  contact  your  local  representative. 


ISBN  978-0-471-75739-9 

Binder-Ready  Version  ISBN  978-0-470-92661-1 


Printed  in  the  United  States  of  America 


10  9  &  7  6  5  4  3  2  1 


CONTENTS 


Chapter  1  -  Electrons,  Bonds,  and  Molecular  Properties  1 

C ha p tcr  2  -  Mol ccul a r  Rep r esc ntation s  16 

Chapter  3  -  Acids  and  Bases  40 

Chap ter  4  -  A 1  ka ncs  a nd  C y c loa Ikane s  57 

Chapter  5  -  Stereoisomerism  78 

C ha pter  6  -  Chcm ica  1  Reac ti v ity  and  Mechan isms  92 

Chapter  7  -  Substitution  Reactions      1 1 4 

Chapter  8  -  Alkencs:  Structure  and  Preparation  via  Elimination  Reactions 

Chapter  9  -  Addition  Reactions  of  Alkencs  172 

Chapter  10- Alkyncs  203 

Chapter  1 1  -  Radical  Reactions  230 

Chapter  12  -  Synthesis  253 

Chapter  13  -  Alcohols  and  Phenols  274 

Chapter  14  -  Ethers  and  Epoxides;  Thiols  and  Sulfides  311 

Chapter  15  -  Infrared  Spectroscopy  and  Mass  Spectrometry  343 

Chapter  16  -  Nuclear  Magnetic  Resonance  Spectroscopy  361 

Chapter  17  -  Conjugated  Pi  Systems  and  Pcricyclic  Reactions  380 

Chapter  18  -  Aromatic  Compounds  410 

C  ha  pter  1 9  -  A  ro  m  a  ti  c  Subs  ti  tution  Rcacti  on  s  428 

Chapter  20  -  Aldehydes  and  Ketones  468 

Chapter  21  -  Car  boxy  lie  Acids  and  Their  Derivatives  513 

Chapter  22  -  Alpha  Carbon  Chemistry:  Enols  and  Enolates  551 

Chapter  23  -  Amines  603 

C  ha  p  tcr  24  -  C  a  r  boh  y  d  rates  639 

Chapter  25  -  Amino  Acids,  Peptides,  and  Proteins  665 

Chapter  26  -  Lipids  689 

Chapter  27  -  Synthetic  Polymers  705 


PREFACE 


This  book  contains  more  than  just  solutions  to  all  of  the  problems  in  the  textbook.  Each  chapter 
of  this  book  also  contains  a  series  of  exercises  that  will  help  you  review  the  concepts,  skills  and 
reactions  presented  in  the  corresponding  chapter  of  the  textbook.  These  exercises  are  designed 
to  serve  as  study  tools  that  can  help  you  identify  your  weak  areas.  Each  chapter  of  this  solutions 
manual/study  guide  has  the  following  parts: 

*  Review  of  Concepts.  These  exercises  are  designed  to  help  you  identify  which  concepts 
are  the  least  familiar  to  you.  Each  section  contains  sentences  with  missing  words 
(blanks).  Your  job  is  to  fill  in  the  blanks,  demonstrating  mastery  of  the  concepts.  To 
verify  that  your  answers  are  correct,  you  can  open  your  textbook  to  the  end  of  the 
corresponding  chapter,  where  you  will  find  a  section  entitled  Review  of  Concepts  and 
Vocabulary.  In  that  section,  you  will  find  each  of  the  sentences,  verbatim. 

*  Review  of  Skills.  These  exercises  are  designed  to  help  you  identify  which  skills  are  the 
least  familiar  to  you.  Each  section  contains  exercises  in  which  you  must  demonstrate 
mastery  of  the  skills  developed  in  the  SkillBuilders  of  the  corresponding  textbook 
chapter.  To  verify  that  your  answers  are  correct,  you  can  open  your  textbook  to  the  end 
of  the  corresponding  chapter,  where  you  will  find  a  section  entitled  Skill  Builder  Review. 
In  that  section,  you  will  find  the  answers  to  each  of  these  exercises. 

*  Review  of  Reactions.  These  exercises  are  designed  to  help  you  identify  which  reagents 
are  not  at  your  fingertips.  Each  section  contains  exercises  in  which  you  must 
demonstrate  familiarity  with  the  reactions  covered  in  the  textbook.  Your  job  is  to  fill  in 
the  reagents  necessary  to  achieve  each  reaction,  To  verify  that  your  answers  are  correct, 
you  can  open  your  textbook  to  the  end  of  the  corresponding  chapter,  where  you  will  find 
a  section  entitled  Review  of  Reactions.  In  that  section,  you  will  find  the  answers  to  each 
of  these  exercises. 

*  Solutions.  At  the  end  of  each  chapter,  you'll  find  solutions  to  all  problems  in  the 
textbook,  including  all  Skillbuilders,  conceptual  checkpoints,  additional  problems, 
integrated  problems,  and  challenge  problems. 

The  sections  described  above  have  been  designed  to  serve  as  useful  tools  as  you  study  and  learn 
organic  chemistry.  Good  luck! 

David  Klein 

Department  of  Chemistry 
Johns  Hopkins  University 


Chapter  1 

Electrons,  Bonds  and  Molecular  Properties 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  1 .  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•   isomers  share  the  same  molecular  formula  but  have  different 

connectivity  of  atoms  and  different  physical  properties. 

•  Second-row  elements  generally  obey  the  rule,  bonding  to  achieve  noble 

gas  electron  configuration. 

•  A  pair  of  unshared  electrons  is  called  a  

•  A  formal  charge  occurs  when  an  atom  does  not  exhibit  the  appropriate  number 
of  . 

•  An  atomic  orbital  is  a  region  of  space  associated  with  , 

while  a  molecular  orbital  is  a  region  of  space  associated  with  . 

•  Methane's  tetrahedral  geometry  can  be  explained  using  four  degenerate  - 

hybridized  orbitals  to  achieve  its  four  single  bonds. 

•  Ethylene's  planar  geometry  can  be  explained  using  three  degenerate  - 

hybridized  orbitals. 

•  Ac e t y  le n e 1  s  I  i near  ge o m e t ry  i s  ac hieved  via  -hybridized  carbo n  atom s . 

•  The  geometry  of  small  compounds  can  be  predicted  using  valence  shell  electron 

pair  repulsion  (VSEPR)  theory,  which  focuses  on  the  number  of  bonds 

and  exhibited  by  each  atom. 

•  The  physical  properties  of  compounds  are  determined  by  

forces,  the  attractive  forces  between  molecules. 

•  London  dispersion  forces  result  from  the  interaction  between  transient 

 and  are  stronger  for  larger  alkanes  due  to  their  larger 

surface  area  and  ability  to  accommodate  more  interactions. 

Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  1.  The  answers  appear  in  the  section  entitled 
Skill  Bulkier  Review. 


SkillBuilder  LI   Determining  the  Constitution  of  Small  Molecules 


STEP  I  -  DETERMINE  THE  VALENCY  (NUMBER  OF  EXPECTED  STEP  S  -  DRAW  THE  STRUCTURE  OF  C^CI  BY  PLACtHG 

BONDS}  FOR  EACH  A  TOM  IN  CJttjjGt  A  TOMS  WITH  THE  HfQHES  T  VA  LENC  Y  AT  THE  CEN  TEH. 

AND  PLACING  MONOVALENT  A  TOMS  AT  THE  PERtPHERY 

Each  carbon  atom  is  expected  to  form  . ,  bonds.  *  

Each  hydrogen  atom  is  expected  to  form  bonds. 

The  chlorine  arom  is  expected  to  form  _  bonds.  v 


CHAPTER  1 


SkiHBuilder  1.2  Drawing  the  Lewis  Dot  Structure  of  an  Atom 


STEP  J  -  DETERMINE  THE  NUMBER 
OF  VALENCE  ELECTRONS 

Nitrogen  is  in  Group  .  otthe 
periodic  table,  and  is  expected 
to  have       valence  electrons. 


STEP  2  -  PLACE  ONE  ELECTRON 
BY  ITSELF  ON  EACH  SIDE  OF 
THE  ATOM 


STEP  3  -  IF  THE  ATOM  HAS  MORE  THAN  FOUR 
VALENCE  ELECTRONS.  PAIR  THE  REMAINING 
ELECTRONS  WITH  THE  ELECTRONS  ALREADY  DRAWN 


S  kil  IB  uilde  r  1 .3  D  raw  i  n  g  the  Lew  is  S  tr  ue  ture  of  a  S  mal  I  M  o  lecule 


STEP  1  -  DRAW  THE  LEWIS 
DOT  STRUCTURE  OF  EACH 
ATOM  INCHED 

STEP  2-  FIRS T  CONNEC T 
ATOMS  THAT  FORM 
MORE  THAN  ONE  BOND 

STEP  3 -CONNECT  THE 
HYDROGEN  A  TOMS 

o 

STEP  4  -  PAIR  ANY  UNPAIRED 
ELECTRONS.  SO  THAT  EACH 
ATOM  ACHIEVES  AN  OCTET 

□□□□ 

OQ 

- 

SkiHBuilder  L4  Calculating  Formal  Charge 


STEP  i  -  DETERMINE  THE  APPROPRIA  TE 
NUMBER  OF  VALENCE  ELECTRONS 

l_l         Nitrogen  is  in 

I  Group       of  the 

1-4     Ji  (j  periodic  table, 

* '      .  11  sua  .s  expected 

I.         to  have 

!  !         valence  electrons. 


STEP  2  -  DETERMINE  THE  NUMBER  OF 
VALENCE  ELECTRONS  IN  THIS  CASE 

In  this  case,  the 
H  nitrogen  atom  is 

\  using  only 

H  ■  *  H  *  *  H    va  lence  elect  ro  n  s . 

H 


STEP  3  -  ASSIGN  A  FORMAL 
CHARGE  TO  THE  NITROGEN  ATOM 
IN  THIS  CASE 


SkiHBuilder  1.5  Locating  Partial  Charges 


STEP  J-  CIRCLE  THE  BONDS  BELOW 
THAT  ARE  POLAR  COVALENT 

STEP  2  -  FOR  EACH  POLAR  COVALENT  BOND, 
DRA  W  AN  A  RRO  W  THA  T  SHO  WS  THE 
DIRECTION  OF  THE  DlPOLE  MOMENT 

STEP  3  -  INDICATE  THE  LOCATION  OF  ALL 
PARTIAL  CHARGES  |fr  ancft-j 

H 

H 

1  •> 

H 

1 

H-C-O-H 

H— C— 0— H 

1 

H— C— O— H 

1  " 
H 

1  - 
H 

1  " 
H 

SkiHBuilder  1.6  Identifying  Electron  Configurations 


STEP  1-SN  THEENERGY 
DIAGRAM  SHOWN  HERE. 
DRAW  THEELECTRON 
CONFIGURA  TION  OF 
NITROGEN  f USING 
ARROWS  TO  REPRESENT 
ELECTRONS}. 

—  2s 

STEP  5  -  FILL  IN  THE  BOXES  BELOW  WITH  THE 
NUMBERS  THAT  CORRECTLY  DESCRIBE  THE 
ELECTRON  CONFIGURA  TIQN  OF  NITROGEN 

Nitrogen 

SkiHBuilder  1.7  Identifying  Hybridization  States 


A  CARBON  ATOM  WITH 

A  CARBON  ATOM  WITH 

A  CARBON  ATOM  WITH  A 

FOUR  SINGLE  BONDS 
WILL  BE  HYBRIDIZED 

ONE  DOUBLE  BOND  WILL 
BE  HYBRIDIZED 

TRIPLE  BOND  WtLL  BE 
HYBRIDIZED 

1 

/ 

— c — 

=c 

1 

\ 

CHAPTER  1 


S  kilLB  ui  Ider  1 .8  Predicting  Geo  met ry 


STEP  f  -  DETERMINE  THE 
STERIC  NUMBER  OF  THE 
NITROGEN  ATOM  BELOW 
BY  ADDING 

THE  NUMBER     u     **  u 
OF  SINGLE         H— N— H 
BONDS  AND  I 
LONE  PAtRS  H 

#  ot  single  bonds  M[^l 

#  of  lone  pairs  ■  [ 
Steric  Number  m  ^ 


STEP  2  -  THE  STERIC  NUMBER 
DETERMINES  THE  H  YBRIDIZA  TSON  S  TA  TE 
AND  ELECTRONIC  GEOMETRY.  FILL  IN 
THE  CHART  BELOW: 


Steric 
# 

Hybridization 
State 

Electronic 
Geometry 

4 

3 

2 

STEP  3  -  IGNORING  LONE  PAtRS,  IDENTIFY  THE 
GEOMETRY  IN  EACH  CASE  BELOW 


NO 

LOWE  PAIRS/ 


tetrahedrat 

arrangement  ot 
electron  pairs 


ONE 
LOWE 
PAIR 


TWO 
LOWE 
V  PAIRS 


SkiHBuitder  1.9  Identifying  Molecular  Dipole  Moments 


STEP  1  -  IDENTIFY  THE  GEOMETRY 
OF  THE  OXYGEN  ATOM  BELOW 

H     ;a:  H 
c 

Geometry  -  [  | 

STEP!    REDRAW  THE  COMPOUND. 
FOR  EACH  POLAR  COVALENT BOND. 
DRAW  AN  ARROW  THAT  SHOWS  THE 
DIRECTION  OF  THE  DIPOLE  MOMENT 

STEP  3  -  REDRAW  THE 
COMPOUND,  AND  DRAW  THE 
NET  DIPOLE  MOMENT 

- 

Ski]  IB  ui  Ider  L10  Predicting  Physical  Properties 


Dipole-Dipoie  interactions 

H-Bonding  interactions 

Carbon  Skeleton 

CIRCLE  THE  COMPOUND  BELOW 

CIRCLE  THE  COMPOUND  BELOW 

CIRCLE  THE  COMPOUND  BELOW 

THA  T  IS  EXPEC  TED  TO  HA  VE  THE 

THAT  IS  EXPECTED  TO  HAVE  THE 

THA  T  IS  EXPECTED  TO  HA  VE  THE 

HIGHER  BOILSNG  POINT 

HIGHER  BOILING  POINT 

HIGHER  BOIL  ING  POINT 

H       H                     H  H 

HKH  HHHHH 

II  II 

HaCjC"CHa  HiC'C-CHa 

H-C-O-C-H  H-C-C-O-H 

H-C -C -C-H  H-C-C-C-C-C-H 

H  "  H                    H   H  " 

HHH  HHHHH 

Solutions 


H  H  H   H  H  H 

H-C-O-H  H-G-CI  H-G-C-H  H-G-N 

a)       H  b)       H  C)       H   H  d)       H  H 


6)       F    F  f)       H   H  g) 


H 

H 

H 

H-C 

I 

-c 

1 

-C-H 

1 

H 

1 

H 

1 

H 

1.2. 


H 

H 

H 

1 

H-C 

I 

-C 

-C-CI 

H 

H 

or 


-C-C-C- 

k  k  k 


4  CHAPTER  1 


1.3. 


H-C-C-C-OH 

H   H   H  or 


H-C-C-C-H 

A  &  ^  or 


H   H  H 
I     I  I 
H-C-C-O-C-H 
I    I  I 
H   H  H 


1.4. 


-C-C-C-C-OH  H-C-C-C-C-H  H-C-C-O-C-C- 

I     I     I     I  I     I     I     I  I     I         I  I 

HHHH  HHHH  HHHH 


H-C-C-C-O-C-H  H-C— C— C-H 


H-C-H  H-C-H 
H       I       H  H       I  H 


H      OH  H 


1.5. 

■a-  :6;  ;F* 

a)    •  b)    -  c)     ■  d)H- 

.   :Bn  :s:  :cV  ,,  it* 

e)   ■■  f)    .  g)   ■■  h)  ■ 

1.6.  Both  nitrogen  and  phosphorous  belong  to  column  5 A  of  the  periodic  table,  and 

therefore,  each  of  these  atoms  has  five  valence  electrons.  In  order  to  achieve  an 
octet,  we  expect  each  of  these  elements  to  form  three  bonds. 

1.7.  Aluminum  is  directly  beneath  boron  on  the  periodic  table  (Column  3 A),  and 

therefore  both  elements  exhibit  three  valence  electrons. 

■  c® 

1.8.  l     resembles  boron  because  it  exhibits  three  valence  electrons. 


1.9.     +      resembles  nitrogen  because  it  exhibits  five  valence  electrons. 


1.10. 


H    H  H    H  H 

h  : c  :  c : h  h  :  c::c  ;  h  h  :c  :  c :  c  :  h 

a)       H    H  b)       H    H  c)HX;;;C:H         d)       B   H  H 

H  H 

h:c:c::c:h  h:c:o:h 
e)     in  h  h  f)  H 


H 

H  :  b 

1.11         h    The  central  boron  atom  lacks  an  octet  of  electrons. 


CHAPTER  1  5 


L12 


H  H  H  H  h  h:n:h  h  h       h  h  R  H 

h  : c  :  c  : c : W :         h  :  c  :  c  ;  c  :  h       h:c:h:c:c:h         h '■?.  -  N  :  P:H 

H    H   H   H  H     H     H  H    H   H   H  H  H:C:H  H 

H 

Iti  all  of  the  constitutional  isomers  above,  the  nitrogen  atom  has  one  lone  pair. 


1.13. 


H-A 


(a) 


(b)  H 


(0 


1  9  1 
-C-N-C- 

I  "I 

H  H 


I 

(d)  H     "  H 


(e) 


0 

H-C-H 
I 

H 


© 
H-C— H 


(0 


(g) 


H  ~ 
l  © 

h-c -ceo: 
i 

H 


(h) 


:c,:  ffi 
:ci— ai— ci- 
:ct: 


-ci: 


H   H  *0(  - 
0i    1   U  -0 
h-n-c-c-o: 
ii 

(i)       H  H 


1.14. 


H  ;  B  :  h 


^  Boron  has  a  forma!  charge 


■■0 

h  :  m  :  h 


^  j  Nitrogen  has  a  format  charge 


H  H 

H  :  c  :  c© 
H  H 


q  "j  Carbon  has  a  formal  charge 


1.15. 


(a) 


H         H  H 

H— C— O— C— C— O 
I  I     I    ■■  I 

H         H    H  H 


(b) 


I  " 
H 


(C) 


H 

la.  s+  ♦ 
H-C-Mg-Br: 

H 


«    H  1$  H  a. 

H-O-C-Cf-C-O-H 
I     I  I 
(d)  H    H  H 


a- 

H  *6-  H 

i    ii  i 
H-C-C-C-H 

I     6+  I 

(e)      H  H 


(f) 


:Ci: 


-ci: 


1.16. 


h  b- 


i 


H 

.  ..  x  . 

H— C-C-C-C 
I  I     I  I 

H         H    H  H 


H  H 

I     I&+  •  «* 

■    C— CI; 


1.17. 


a)  ls22s22p2 


b)  ls22s2V 


c)  Is2^/?1 


d)  Lr2.r2p5 


e)  ls22s22/'3sl 


f)  ls22s22p*3*2V 


6  CHAPTER  1 


a)  ls22s2V  b)  ls22s22pl  c)  IsWlp2  d)  ls22s22p5 

1.19.  The  bond  angles  of  an  equilateral  triangle  are  60°,  but  each  bond  angle  of 

cyclopropane  is  supposed  to  be  109.5°.  Therefore,  each  bond  angle  is  severely 
strained,  causing  an  increase  in  energy.  This  form  of  strain,  called  ring  strain,  will 
be  discussed  in  Chapter  4.  The  ring  strain  associated  with  a  three -mem  be  red  ring 
is  greater  than  the  ring  strain  of  larger  rings,  because  larger  rings  do  not  require 
bond  angles  of  60°. 

1.20 

a)  The  C=0  bond  of  formaldehyde  is  comprised  of  one  sigma  bond  and  one  pi 
bond . 

b)  Each  C-H  bond  is  formed  from  the  interaction  between  an  sp2  hybridized 
orbital  from  carbon  and  an  s  orbital  from  hydrogen. 

c)  The  oxygen  atom  is  sp~  hybridized,  so  the  lone  pairs  occupy  sp~  hybridized 
orbitals. 

1.2L  Rotation  of  a  single  bond  does  not  cause  a  reduction  in  the  extent  of  orbital 

overlap,  because  the  orbital  overlap  occurs  on  the  bond  axis.  In  contrast,  rotation 
of  a  pi  bond  results  in  a  reduction  in  the  extent  of  orbital  overlap,  because  the 
orbital  overlap  is  NOT  on  the  bond  axis. 


1.22. 


*         "h    h  h 

\  / 

X  ^ 

I!  I 
X  c 

H 

I 

H 


0     V  H 

ii  V 


All  carbon  atoms  in  this  molecule  are  sp  hybridized, 
except  for  the  carbon  atom  highlighted  above, 
a)  which  is  sp3  hybridized 


H  ,H 
H    u  V^H 
H  H  I     HV/  .x. 


H^l  II         I  II 

H       X.      X.  -.O; 

H*\     X  Y 


H    H    H  H 

itoms  highlightec 
All  other  carbon  atoms  in  this  compound  are  sp2  hybridized 


The  carbon  atoms  highlighted  above  are  sp3  hybridized. 
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1.23. 


sp 


1.24. 


1.25. 


1.26. 


a)         SP  b)  h  H 


c  <  b  <  a 

a    tf?e  longest  bond 
and  c  is  the  shortest  bond 


a)  The  nitrogen  atom  has  three  bonds  and  one  lone  pair,  and  is  therefore  trigonal 
pyramidal. 

b)  The  oxygen  atom  has  three  bonds  and  one  lone  pair,  and  is  therefore  trigonal 
pyramidal. 

c)  The  boron  atom  has  four  bonds  and  no  lone  pairs,  and  is  therefore  tetrahedral. 

d)  The  boron  atom  has  three  bonds  and  no  lone  pairs,  and  is  therefore  trigonal 
planar. 

e)  The  boron  atom  has  four  bonds  and  no  lone  pairs,  and  is  therefore  tetrahedral. 

f)  The  carbon  atom  has  four  bonds  and  no  lone  pairs,  and  is  therefore  tetrahedral. 

g)  The  carbon  atom  has  four  bonds  and  no  lone  pairs,  and  is  therefore  tetrahedral. 

h)  The  carbon  atom  has  four  bonds  and  no  lone  pairs,  and  is  therefore  tetrahedral. 


*0 — H 

'  All  carbon  atoms  in  this  molecule  are  tetrahedral 

■q — h  except  for  the  highlighted  carbon  atom, 

which  is  trigonal  planar. 

C — H 

The  oxygen  atom  (of  the  OH  group) 
H  has  bent  geometry, 

-H  and  the  nitrogen  atom  is  trigonal  pyramidal. 

(a) 


All  ca  rbon  atom  s  are  tetrahed  ral 

H^~~~  ^nv  H  except  for  the  carbon  atoms  highlighted, 

l_l      ||    H  |  which  are  trigonal  planar. 

H — C        X        'P%  The  oxygen  atom  and  the  highlighted 

I  nitrogen  atom  have  bent  geometry, 

^c^v,  ^cx  H         and  the  other  nitrogen  atom  is  trigonal  pyramidal 

I  I 

(b)  H 


H 

-V 

■i 

H 

H- 

H 
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(0 


H  H 

I  I 
_.-G  s.     *  H 

"C^  ^ 

All  carbon  atoms  are  trigonal  planar. 

I 

H 


1 .27.  The  carbon  atom  of  the  carbocation  has  three  bonds  and  no  lone  pairs,  and  is 
therefore  trigonal  planar.  The  carbon  atom  of  the  carbanion  has  three  bonds  and 
one  lone  pair,  and  is  therefore  trigonal  pyramidal. 

1.28.  Every  carbon  atom  in  benzene  is  $p2  hybridized  and  trigonal  planar.  Therefore,  the 

entire  molecule  is  planar  (all  of  the  atoms  in  this  molecule  occupy  the  same 
plane). 


1.29. 


cv-P 
a)  Of" 


"ci 


b)  H3C' 


d) 


Br!7 

Br 


CI 
I 

CI 


H-CaC-H 
H-cjc-H 
(C)       H  "  H 


(f)  none  (g) 


HH  H 


(h)  none 


c=c 
(i)      H  H 


(j)  none 


(k) 


*Ph  H 
<  *  1  )C=Q 
'Gil  H 


(I)  none 


1.30.  CHClj5  is  expected  to  have  a  larger  dipole  moment  than  CBrCl-,,  because  the 

bromine  atom  in  the  latter  compound  serves  to  nearly  cancel  out  the  effects  of  the 
other  three  chlorine  atoms  (as  is  the  case  in  CCl4). 

1.31.  The  carbon  atom  of  C02  has  a  steric  number  of  two,  and  therefore  has  linear 

geometry.  As  a  result,  the  individual  dipole  moments  of  each  C-O  bond  cancel 
each  other  completely  to  give  no  overall  molecular  dipole  moment.  In  contrast, 
the  sulfur  atom  in  S02  has  a  steric  number  of  three  (because  it  also  has  a  lone  pair, 
in  addition  to  the  two  S=0  bonds),  which  means  that  it  has  bent  geometry.  As  a 
result,  the  individual  dipole  moments  of  each  S-O  bond  do  NOT  cancel  each 
other  completely,  and  the  molecule  does  have  a  molecular  dipole  moment. 
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1.32. 

a)  The  latter,  because  it  is  less  branched. 

b)  The  latter,  because  it  has  more  carbon  atoms. 

c)  The  latter,  because  it  has  an  OH  bond. 

d)  The  former,  because  it  is  less  branched. 


1.33. 


Increasing  boiling  point 


H0  H%'    H  H 

H~C      C"H  u^AAu  HHHHH  HHHH  HHHHHH 

X  H-C -C-C-H  i     i     i     i     |  II..   t4 

H-cT   ^-H  ■■     I     I  H-C-C-C-C-C-H  H-C-C-C-C-O-H  H  — C  —  G  — C  — C— C  — C  — O— H 

uy           I  ^u  u-G     H    H  III  l  i    t*  I     I     I  iJ 

HHHH  H^H  HHHHH  HHHH  HHHHHH 


1.34. 


a) 


-c-c-c-c- 

HHHH 


b) 


HHHHH 
I     l     I     l  I 
H-C-C-C-C-C-H 

HHHHH 


H-C- 


-C-H 


H  H 


H 
I 

H-C- 


H 

H-C 


H  H 
-C-C-H 


HHHH 


H 

H-C-H 


H 
I 

H-C- 
I 

H 


H 
I 

-C-H 
I 

H 


H-C-H 
I 

H 


HHHHHH 
l     l     l     l     l  l 
H-C-C-C-C-C-C-H 
I,    I     I     I     I  I 
C)  HHHHHH 


H 

H-C-H 


H      H      H   H  H 


H 
I 

H-C- 


H-C-C- 


H  H 


d) 


H  H 

H-C -C -CI 
H  H 


H 

H-C-H 


H  H 
I  I 
-C-C-H 
I  I 
H  H 


H-C- 
I 

H 


H 

H-C-H 


H-C- 


I 


H       I  H 
H-C-H 

H 


e) 


-c-c- 

H  ft 


H  Cf 

■CI  H-C-C-CI 


f) 


H  CI 

H-C-C-CI 
I  I 
H  CI 


H  C 
I  I 
-C-C-CI 

I  I 

H  H 
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1.35. 


a) 


H-C-C-H 

I  I 
H-C-C-H 

I  I 

H  H 


C 

f  \ 

-c-c- 


b) 


C-C-C-H 
H-C"     H  A 


H-C-C=C-C-H 

i    i    i  i 


H 


H,. 


C. 


c=c 

H  H 


H 


1.36. 


It 

a)  H- 


-Br 


b)  h- 


6r 
-CI 


a- 

C)   H       H  d) 


H  - 
faj  ft 
H-C-O-H 
I  " 
H 


1.37. 


1.38. 


1.39. 


a)  NaBr,  because  the  difference  in  electronegativity  between  Na  and  Br  is  greater 
than  the  difference  in  electronegativity  between  H  and  Br. 

b)  FC1,  because  the  disparity  in  electronegativity  between  F  and  CI  is  greater  than 
the  disparity  in  electronegativity  Br  and  CL 


H    H  H 

h:c:c:o:h  h:c:c:::n 
a)     h  h  b)  H 


©  ^  ^  y  All  carbon  atoms  in  this  molecule  are  tetrahedral 

H-C-C-C-C-H  except  for  the  carbon  atom  bearing  the  negative 

a)      H  H  H  hi  charge,  which  is  trigonal  pyramidal. 

^  hj  The  highlighted  carbon  atom  is  tetrahedral,  and  the 

h_^"_q_c_c  H  other  two  carbon  atoms  are  trigonal  planar. 

h  H  H  H  The  oxygen  atom  is  trigonal  pyramidal. 
H  H  H 

H-N-c-c-n-H  Both  carbori  aloms  arid  the  nitrogen  atom  are  tetrahedral. 

i    i   V  **  The  oxygen  atom  is  bent, 
c)      H  H  H 

H    H  H 

i    i    i   ++0  All  three  carbon  atoms  in  this  molecule  are  tetrahedral, 

H-G-G-G-OT  The  geometry  of  the  oxygen  atom  is  not  relevant 

^      H  H  H  because  it  is  only  attached  to  one  other  group. 
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H 

H  , 


N 


H  H 

c:C:h 
,  h  in 


h:c;h  1 
H 

The  nitrogen  atom  has  trigonal  pyramidal  geometry, 
to  have  the  following  molecular  dipole  moment: 
H    .  ^  u  |_| 

6 


The  compound  is  expected 


H  ,C-.u  i 
H  \  ■     H  H 


hi 


:Br;  O 
;  Br :  m  :  Br : 
:Br: 


The  central  aluminum  has  tetrahedral  geometry. 


H 


H 


H  H 


H 


a)  No 


b)  Yes 


c)  Yes 


d)  No 


5)  No 


6}Yes 


a)  Oxygen      b)  Fluorine     c)  Carbon 


d)  Nitrogen     e)  Chlorine 


a)  ionic 

b)  Na-O  is  ionic,  and  OH  is  polar  covalent 

c)  Na-0  is  ionic,  O-C  is  polar  covalent,  and  each  C-H  bond  is  covalent 

d)  The  O  H  and  C-O  bonds  are  polar  covalent,  and  each  C-H  bond  is  covalent 

e)  The  C=0  bond  is  polar  covalent,  and  each  C-H  bond  is  covalent 


H  H 
I  I 
H-C-C-OH 
I  I 

a)      H  H 


H -C-0 -C-H 
I  I 
H  H 


H  OH 

I  I 
H-C-C-H 


OH  OH 

I  I 
H-C— C-H 


H  OH 

H-C -O-C -H 


H-C-O-O-C-H 


H-C-C-O-O-H 


c) 


12 


CHAPTER  1 


1.47. 


H  OH 

H-C-C-OH 
I  I 
H  OH 


H-C- 
I 

H 


C-OH 

I 

H 


-C-O-C- 
I  I 
H  H 


H-C-O-O-C-H 
I  I 
H  H 


-C-O-C-h 
I  I 
H  OH 


1.48. 


H  > 

a)  c-o 


e)  c-ci 


b)  C-Mg 
f)  C-H 


H  > 

C)  C-N 


<  h 

d)  C-Li 


g)  O— H  h)  N-H 


1.49. 

a)  All  bond  angles  are  approximately  1 09. 5°,  except  for  the  C-O-H  bond  angle 
which  is  expected  to  be  less  than  109.5°  as  a  result  of  the  repulsion  of  the  lone 
pairs  on  the  oxygen. 

b)  All  bond  angles  are  approximately  120°. 

c)  All  bond  angles  are  approximately  120° 

d)  All  bond  angles  are  180°. 

e)  All  bond  angles  are  approximately  109.5%  except  for  the  C-O-C  bond  angle 
which  is  expected  to  be  less  than  109.5°  as  a  result  of  the  repulsion  of  the  lone 
pairs  on  the  oxygen. 

f)  All  bond  angles  are  approximately  109.5°. 

g)  All  bond  angles  are  approximately  109.5°. 

h)  All  bond  angles  are  approximately  109.5°  except  for  the  C-C=N  bond  angle 
which  is  180° 


1.50. 

a)  sp3y  trigonal  pyramidal 

b)  sp  ,  trigonal  planar 

c)  sp2,  trigonal  planar 

d)  sp3,  trigonal  pyramidal 

e)  Kp3y  trigonal  pyramidal 


1.51.  Sixteen  sigma  bonds  and  three  pi  bonds. 
1.52. 

a)  the  second,  because  it  possesses  an  O-H  bond. 

b)  the  second,  because  it  has  more  carbon  atoms. 

c)  the  first,  because  it  has  a  polar  bond. 


1.53. 

a)  yes 

b)  no  (this  compound  can  serve  as  a  hydrogen  bond  acceptor,  but  not  a  hydrogen 
bond  donor) 

c)  no 
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1.54. 


1.55. 


1.56. 


1.57. 


d)  no 

e)  no  (this  compound  can  serve  as  a  hydrogen  bond  acceptor,  but  not  a  hydrogen 
bond  donor) 

f)  yes 

g)  no 

h)  yes 

a)  3  b)4  c)3  d)2 


H  H 


The  highlighted  carbon  atoms  are  sp2  hybridized  and 
trigonal  planar.  The  remaining  four  carbon  atoms  are 
sp  hybridized  and  linear. 


-'O'-    H  h         The  highlighted  carbon  atom  is  sp2  hybridized  and 
HX^C"VCC"H         irigonal  planar.  The  remaining  three  carbon  atoms 
b)  H  H    H  H  are  $P3  hybridized  and  tetrahedraL 

H  H 

ui   /\    h      All  carbon  atoms  are  sp5  hybridized  and  tetrahedraL 
C)     H  H 


c— c.        c—  c- 

<L       u//       \\       //       I    .  .....      .  ......  .  . 

c     •    c     H     c — C  h 

/         \  /    ^      \H  tetrahedraL  The  remaining  carbon  atoms  are  $p2 

y  \  hybridized  and  trigonal  planar. 


h?4 


H — -C  \\ 

J  \  H 


II 


H 


a)  oxygen  b)  fluorine  c)  carbon 


1.58. 

sp?:  bent 
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1.59. 


H         *0*  V_-H 

H    1  r 
J     11  />- H 


H     |  H 
H 


caffe/ne 

1 .60.  The  two  isomers  are: 

H   H  H  H 

H-C-G-OH  H-C-O-C-H 
H   H  H  H 


The  first  will  have  a  higher  boiling  point  because  it  possesses  an  OH  group  which 
can  form  hydrogen  bonds. 


1.61. 


:ci:  /  :ci: 
i  i  J* 

1.1     I  II  I 


a)        h  b)  h 

i  i 


t 


H-c-G^c-H            there  Es  no                Nr^r"  CI  is  more 

{!      i  molecular  dipole  moment           {!       '  electronegative 

hT         xh                                           vc^'  vh  man  Br 
I  I 

c)  d) 

1.62.  The  third  chlorine  atom  in  chloroform  partially  cancels  the  effects  of  the  other  two 
chlorine  atoms,  thereby  reducing  the  molecular  dipole  moment  relative  to 
methylene  chloride. 

1.63. 

a)  Compound  A  and  Compound  B 

b)  Compound  B 

c)  Compound  B 

d)  Compound  C 

e)  Compound  C 

f)  Compound  A 

g)  Compound  B 

h)  Compound  A  is  capable  of  hydrogen  bonding 


1.64. 


1.65. 


1.66. 


a) 


b) 


c) 


0) 
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H 

I 


1!  I 

H  -H 


! 

-c 

I  III 
H  H         H  H 


HHHHH  HHCHH 



-C-C-C-C-C-CEN  H-C-C-C-C-C-H 


H    H  H 


I  |  H.-fa  C-.H 

H    A    H  H    /      '.  H 

H    H  H  H 


N=G  -C  =C-C  =C  -C  =  N  F-C  =C  -C  =C  -C  =C  -F 


H 

H    H   H  H    H   H  H^  H 

H    H   H  H  H  H   H    h    H   H  h    H  H 

H  H 

HJ^H  Hj^H 

CT     H  X'  H 

I        i^H  ii 

:c             H  ;C  I   C'  H 

Hi       i  Hi   H  I 

H      H  H  H 


H 

H      I  H 

H    H    H  .  L^-sJ 


I      I  I 


H-C  ^C-H 


H— C— C — N— H 

I      I  H-C  ^C-H 

-N-C-C— H  J     M  \- 

III  H      |  H 

H    H    H  H 


1.67. 


Chapter  2 
Molecular  Representations 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  2.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary, 

*  In  bond-line  structures,  _atoms  and  most  atoms  are  not  drawn. 

*  A  is  a  characteristic  group  of  atoms/bonds  that  show  a 

predictable  behavior. 

*  When  a  carbon  atom  bears  either  a  positive  charge  or  a  negative  charge,  it  will 
have  rather  than  four,  bonds. 

*  In  bond- line  structures,  a  wedge  represents  a  group  coming  the  page, 

while  a  dash  represents  a  group  the  page. 

*   arrows  are  tools  for  drawing  resonance  structures. 

*  When  drawing  curved  arrows  for  resonance  structures,  avoid  breaking  a  

bond  and  never  exceed  for  second^row  elements. 

*  There  are  three  rules  for  identifying  significant  resonance  structures: 

1 .  Minimize  ___  . 

2.  Electronegative  atoms  can  bear  a  positi  ve  charge,  but  only  if  they  possess 
an  of  electrons. 

3.  Avoid  drawing  a  resonance  structure  in  which  two  carbon  atoms  bear 
 charges. 

*  A  lone  pair  participates  in  resonance  and  is  said  to  occupy  a 

 orbital. 

*  A  _________  lone  pair  does  not  participate  in  resonance. 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  2.  The  answers  appear  in  the  section  entitled 
Ski!  I  Builder  Review. 

S  k  i  1  IB  ui  Ider  2,1   C  on  verlin  g  Bet  ween  Different  D  ra  w  ing  St  y  les 


DRAW  THE  LEWIS  STRUCTURE  OF  THE  FOLLOW  WQ  COMPOUND 

(CH5hCOCHs   ^ 

W  J 

CHAPTER  2  1 


S  kil  LB  ui  Ldtf  r  2.2   K  tad  i  n  g .IS  mid-  L  ine  S  truct  ures 


S  kil  IB  ui  Lde  r  2.3  D  raw  in  g  Bond  -Line  St  ruel  u  res 


DF/dlV  A  ei3.Vii-L.Wt  I'R^tVWGOF  THf  FOIi  OLVfjYQ  C  QMPOUtiD: 


H-0   H        H  |_| 
H-C-G-0-G~C=G-C  H 
hi    A        H         H  "tJ-C-H 
V  1 

H  H 


S  kil  IB  ui  Lde  r  2.4  lde  n  ti  fying  Lone  Pai  rs  on  Oxygen  A  to  ms 


AN  OXYGEN  ATOM 
WITH  A  NEGATIVE 

AN  OXYGEN  ATOM 

,v  n  -..:>n^L 

V0-^ 

AH  OXYGEN  ATOM 
WITH  A  POSITIVE 

1 

CHARGE  WILL  HAVE 

CHARGE  WILL  HAVE 

CHARGE  WiLL  HAVE 

-s,    JO.  s 

LONE  PAtftfS) 

LOME  PAtR(S) 

LONE  PAtRfSj 

e 

SkilLBuiLder  2.5  Identifying  Lone  Pairs  on  Nitrogen  Atoms 


A  NITROGEN  ATOM 
WITH  A  NEGATIVE 
CHARGE  WILL  HAVE 
  LONE  PAlR(S) 


0 


A  NITROGEN  ATOM 
WITH  NO  FORMAL 
CHARGE  WILL  HA  VE 
 LONE  PAlR(Sf 


A  NITROGEN  ATOM 
WSTH  A  POSITIVE 
CHARGE  WILL  HAVE 
 LONEPAIR(S) 


© 


SkillBuilder  2.6  Identifying  Valid  Resonance  Arrows 


RULE  t:  THE  TAIL  OF  A  CURVED  ARROW 
CANNOT  BE  PLACED  ON  A 

RULE  3:  THE  HEAD  OF  A  CURVED  ARROW 
CANNOT  RESULT  IN 

TAfL 

HEAD 

SkilLBuiLder  2*7  Assigning  Formal  Charges  in  Resort  a  nee  Strut;  Lures 

INDICATE  THE  LOCATION  OF  THE  NEGA  TIVE  CHARGE  IN  THE  SECOND  RESONANCE  STRUCTURE  BELOW 


:o:  *o* 


SkillBuilder  2.8  Drawing  Significant  Resonance  Structures 
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SkillBuilder  2,9  Identifying  Localized  and  Deloealized  Lone  Pairs 


IDENTIFY  WHETHER  THE  LONE  PAiR  ON  THE 
HiTROGEN  A  TOM  BELOW  SS  DELOCALtZEO 


■o 


NH2 


IDENTIFY  THE  HYBRID iZATION  STATE 
OF  THE  NiTROGENATOM 


:o: 

A 


,0 


NH2 


Solutions 

2.1. 


HU  H 
H  C 
, .  I 

H  :o-c-c-h 

C-C      h  C 

H 

a)  H       H    H  H 


H  H 

\  / 
H-C  H 

H-V      H  H 
\      I  I 
H-C-C-C-O-H 

H-<      H    H  " 

H    C  H 

/  \ 

b)     H  H 


H  H 
H  V-H 
H    H  V-H 
H-C-C-C-O-H 

h  h  X-h 

H  C-H 

/  \ 

C)  H  H 


H    H  "C. 

H-V  (/ 

W  H 

/  \ 

H-C  H 

/  \ 

d)     H  H 


M,  ..H 
H  C 

:b-i-i-H 
H^  /  I 

W         H  u  ^ 


e)  h 


H  H 

H-V  H 

H-V  H 

W 
/  \ 
H-C  H 
/  \ 
H-C  H 
f  \ 

f)     H  H 


H  J, 

H      C    H  H 
v  ill.. 
H-C-C-C-C-O-H 
I 


g) 


H     &    H  H 
H  '"H 


h) 


H    H    H    H    H  H 

I     I     I     I     I  I 
H-C— C-C-C-C-C— H 
I     I     I     I     I  I 
H    H    H    H    H  H 


H    H    H  H 
I     I     I  I 
H-C-C-C-O-C— H 
I     I     I     -  I 
i)        H    H    H  H 


H— C  H 
H-V  H 
H-V 

H-C-O— H 
H-c'  " 
H-cTh 

/  \ 

H— C  H 

j) 


H  H 
H-V  H 
H  V      H  H 

H— C— C— O— G— H 

H-/(      H  H 
H-C  H 

k)    h  % 


H  H 
H-V  H 

H-C-C-O-H 

/ 

H-C  H 


|)     H  H 
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^  2  (CHstaCOCHs  (C^^CHOCH^CHa 
23  Six 

2.4  H2OCHCH3 


2.5. 

H  H 

Hvl  M 

H  -"P^  Xp^H 

a)      H  H 


b) 


H    H     H     h  H 

\  /       I  W 

H/XH    1  H/SH 


H  H 

H  H  V 
H    H  C-H 


C) 


^3^^  CH3 

c  c 
I 

c  c 

HItG        G '       Gf  "'^ 
CH3 


H    H  *0'- 

H  X.  -cLy 

H    *      /  >H  ■ 


e) 


H  H 


•O- 
H    II  H 

I  I 
HH^HH 


H 


I  II 

H    '  V 
g)         H  H 


h) 


H     jk  JH 

II  I 

I 

H 


|\  " 


H  H 


H  H 

V 

H<Nr*         H  H 
/  \ 
H  H 


u    H  H  H 

Mx  t      \  / 

H...c  c=c 


H 


! 


I 

r.c,..  A 

H    I    H  H    I  H 
H  H 


I) 


H^C     C  CH3 

c  c 


2.6 


a)  decrease  (7->6) 
c)  no  change  (8->8) 


b)  no  change  (8->8) 
d)  increase  (5->7) 


2.7 


a)  increase  (12->  14) 


b)  decrease  (8->6) 


2.8. 
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2.13. 


a) 


..0 
;o: 


♦o 


b) 


c)     No  charge        d)  ^qG 
H  *  *  H 


2.14. 


a)  A 


•o- 


b) 


c) 


•O 

A 


OH 


:o: 


d) 


e) 


f) 


h) 


i) 


© 

•cr  "q: 


p;-h 


2.15.  There  are  no  hydrogen  atoms  attached  to  the  central  carbon  atom.  The  carbon 
atom  has  four  valence  electron.  Two  valence  electrons  are  being  used  to  form  bonds,  and 
the  remaining  two  electrons  are  a  lone  pair.  This  carbon  atom  is  using  the  appropriate 
number  of  valence  electrons. 


2.16. 


a) 


A 


b) 


■ 

H 


c)  A 


d)  no  lone  pairs 


e) 


0 


:n 


g)  no  lone  pairs 


h)  ^% 


2.17. 


.)  i 

d)  A 


b)  •  c)  ' 


,.© 


©. 


f)  •• 


:o-c=n: 


2.18. 

a)  one  b)  zero         c)  one 


d)  five 
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2.19  Five  lone  pairs: 


©NHa 


2.20 

a) 


Troglliazone  Roslglltazone  Piogfltazone 


b)  Yes,  it  contains  the  likely  pharmacophore  highlighted  above. 
2.21 

a)  Violates  second  rule  by  giving  a  fifth  bond  to  a  nitrogen  atom, 

b)  Does  not  violate  either  rule. 

c)  Violates  second  rule  by  giving  five  bonds  to  a  carbon  atom. 

d)  Violates  second  rule  by  giving  three  bonds  and  two  lone  pairs  to  an  oxygen  atom. 

e)  Violates  second  rule  by  giving  five  bonds  to  a  carbon  atom. 

f)  Violates  second  rule  by  giving  five  bonds  to  a  carbon  atom. 

g)  Violates  second  rule  by  giving  five  bonds  to  a  carbon  atom,  and  violates  second  rule 
by  breaking  a  single  bond. 

h)  Violates  second  rule  by  giving  five  bonds  to  a  carbon  atom,  and  violates  second  rule 
by  breaking  a  single  bond. 

i)  Does  not  violate  either  rule, 
j)  Does  not  violate  either  rule. 

k)  Violates  second  rule  by  giving  five  bonds  to  a  carbon  atom, 
1)  Violates  second  rule  by  giving  five  bonds  to  a  carbon  atom. 

2.22. 

© 

CTD 


2.23. 


a) 


© 


hi 


G 


G 
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0 


f)  - 


0. 


e 


^P.~0" 


© 


0. 


H2N    Y  /OH 
.0. 


© 
OH 


h) 


■0- 
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2.27. 


2.30. 
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g)L 


h) 


o 


e 

© 


5^ 


0 


■4- 

Ae 


Aqi; 


i) 


..e 

:o: 


..0 
:o: 


2.33. 


a) 


G 


b)  L 


o. 


c) 


-^O-C^N: 


A©  (2) 


d) 
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e) 


i 

© 


©k 


e 


©Co3  ~*  ^  O© 


a. 

:o: 


Mil 
C 


j) 


k) 


-III 
C 


•-N-.0 

II 

c© 


© 


1) 


/:oh 


©OH 


CHAPTER  2  29 


234. 


235. 


236. 


de  focalized 
sp2  hybridized 
trigonal  planar 


localized 
sp3  hybridized 
trigonal  pyramidal 


One  of  these  fane  pairs  is 
delocaiized.  The  oxygen 

atom  is  therefore  sp2 
hybridized  and  has  bent 
|)  j  geometry. 


localized 
sp2  hybridized 


geometry  not  relevant 
(connected  to  only  one  atom) 


delocaiized 
sp  hybridized 
trigonal  planar 


focalized 

sp2  hybridized   »-  ' 

geometry  not  relevant 
(connected  to  only  one  atom)  Hj>N 


VQJLONT 


C) 


delocaiized 
sp2  hybridized 
trigonal  planar 


NH2 


\ 


One  of  these  lone  pairs  is 
delocaiized.  The  oxygen 

atom  is  therefore  sp2 
hybridized  and  has  bent 
geometry. 


focalized 
sp3  hybridized 
trigonal  pyramidaf 


delocaiized 
i     sp2  hybridized 
ej  trigonal  planar 
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focalized 
sp2  hybridized 
geometry  not  relevant 
(connected  to  only  one  atom) 


One  of  these  fone  pairs  is 
detocafized.  The  oxygen 
atom  is  sp2  hybridized 
and  has  bent  geometry. 


sp3  hybridized 


237.  Both  lone  pairs  are  localized  and,  therefore,  both  are  expected  to  be  reactive. 
238. 


  focalized 

(not  participating  in  resonance) 


detocatized 


localized  (participating  in  resonance) 

(not  participating  in  resonance) 


239. 


Vitamin  C 
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2.43.  Twelve  (each  oxygen  atom  has  two  lone  pairs) 
2.44. 


2.45. 


2.46. 

a) 


C4H10  CgH^  CaHi8  C^Hae 

In  each  of  the  compounds  above,  the  number  of  hydrogen  atoms  is  equal  to  two 
times  the  number  of  carbon  atoms,  plus  two. 

b) 

C4H3  C7H14  C7H14  C12H24 


In  each  of  the  compounds  above,  the  number  of  hydrogen  atoms  is  two  times  the 
number  of  carbon  atoms. 
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CgHjQ  C9H16  C9H16  C7H12 


In  each  of  the  compounds  above,  the  number  of  hydrogen  atoms  is  two  times  the 
number  carbon  atoms,  minus  two. 

d)  A  compound  with  molecular  formula  must  have  either  one  double  bond  or  one 

ring.  It  cannot  have  a  triple  bond,  but  it  may  have  a  double  bond. 

e) 

^  *****  X   □  p- 

2.47. 

a)  an  sp2  hybridized  atomic  orbital 

b)  a  p  orbital 

c)  up  orbital 


2.48. 


2.49. 


a)  {CH^CCH2CH2CH(CH3)2 

b)  (CH3)2CHCH2CH2CH2OH 

c)  CH3CH2CH=C(CH2CH3}2 
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2.5(1. 

a)  C,H20 

b)  C6HuO 

c)  QH16 


2.51. 

(d)  is  not  a  valid  resonance  structure,  because  it  violates  the  octet  rule,  The  nitrogen  atom 
has  five  bonds  in  this  drawing,  which  is  not  possible,  because  the  nitrogen  atom  only  has 
four  orbitals  with  which  it  can  form  bonds. 


2.52.  15  carbon  atoms  and  18  hydrogen  atoms: 


H    H  H  H 

V  V 

H    H     H       H  C  H 

H  ^C^    C  H  H 

I  II 
H     ^Cv.  JT1  M 
H     ^  ^ 
I       /  ^ 
H     H  H 


2.55. 
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i) 


i) 


2.56.  These  structures  do  not  differ  in  their  connectivity  of  atoms.  They  differ  only  in 
the  placement  of  electrons,  and  are  therefore  resonance  structures, 

2.57, 

a)  constitutional  isomers 

b)  same  compound 

c)  different  compounds  that  are  not  isomeric 

d)  constitutional  isomers 

2.58. 
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2.59.  The  nitron ium  ion  does  not  have  any  significant  resonance  structures  because  any 
attempts  to  draw  a  resonance  structure  will  either  1 )  exceed  an  octet  for  the  nitrogen  atom 
or  2)  generate  a  nitrogen  atom  with  less  than  an  octet  of  electrons,  or  3)  generate  a 
structure  with  three  charges.  The  first  of  these  would  not  be  a  valid  resonance  structure, 
and  the  latter  two  would  not  give  significant  resonance  structures, 


2.60. 


2.61. 


Both  nitrogen  atoms  are  sp^  hybridized  and  trigonal  planar,  because  in  each  case, 
the  lone  pair  participates  in  resonance. 


2.62. 


OH 


OH 


OH 


HO 


OH 


_  OH 
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2.63. 


b) 
c) 
d) 

e) 

n 


The  molecular  formula  is  C3H6N202 
There  are  two  sp3  hybridized  carbon  atoms 
There  is  one  sp  hybridized  carbon  atom 
There  are  no  sp  hybridized  carbon  atoms 

There  are  six  lone  pairs  (each  nitrogen  atom  has  one  lone  pair  and  each 
oxygen  atom  has  two  lone  pairs) 


♦q- 


delocalized 


.,^NH2 
"  localized 


g) 


trigonal  planar 


not  relevant 

(only  connected  to  one  other  atom) 
trigonal  planar 


trigona  I  pyram  idal 


h) 


:o: 


♦  ♦0 


2,64. 


a)  The  molecular  formula  is  C  j  6H2|  N02 

b)  There  are  nine  sp3  hybridized  carbon  atoms 

c)  There  is  seven  sp2  hybridized  carbon  atoms 

d)  There  are  no  sp  hybridized  carbon  atoms 

e)  There  are  five  lone  pairs  (the  nitrogen  atom  has  one  lone  pair  and  each  oxygen 
atom  has  two  lone  pairs ) 

f)  The  lone  pairs  on  the  oxygen  of  the  C=0  bond  are  localized.  One  of  the  lone 
pairs  on  the  other  oxygen  atom  is  delocalized.  The  lone  pair  on  the  nitrogen 
atom  is  delocalized. 

g)  All  sp  hybridized  carbon  atoms  are  trigonal  planar.  All  sp  hybridized  carbon 
atoms  are  tetrahedral.  The  nitrogen  atom  is  trigonal  planar.  The  oxygen  atom 
of  the  C=0  bond  does  not  have  a  geometry  because  it  is  connected  to  only  one 
other  atom,  and  the  other  oxygen  atom  has  bent  geometry. 
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2.65. 


2.66. 

a)  Compound  B  has  one  additional  resonance  structure  thai  Compound  A  lacks, 
because  of  the  relative  positions  of  the  two  groups  on  the  aromatic  ring. 
Specifically,  Compound  B  has  a  resonance  structure  in  which  one  oxygen  atom  has 
a  negative  charge  and  the  other  oxygen  atom  has  a  positive  charge: 


Compound  8 


Compound  A  does  nor  have  a  resonance  structure  in  which  one  oxygen  atom  has  a 
negative  charge  and  the  other  oxygen  atom  has  a  positive  charge.  That  is, 
Compound  A  has  fewer  resonance  structures  than  Compound  B.  Accordingly, 
Compound  B  has  greater  resonance  stabilization. 

b)  Compound  C  is  expected  to  have  resonance  stabilization  similar  to  that  of 
Compound  B,  because  Compound  C  also  has  a  resonance  structure  in  which  one 
oxygen  atom  has  a  negative  charge  and  the  other  oxygen  atom  has  a  positive 
charge: 

"  ...  o..   %,  ' 

;o-  :o  :o: 

'^t  —  X) 

Compound  C 
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2.67. 

The  single  bond  mentioned  in  this  problem  has  some  double  bond  character,  as  a  result  of 
resonance: 


® 


Each  of  the  carbon  atoms  of  this  single  bond  uses  an  atomic  p  orbital  to  form  a  conduit 
(as  described  in  Section  2.7): 


LTU 

Rotation  about  this  single  bond  will  destroy  the  overlap  of  the  p  orbitals,  thereby 
destroying  the  resonance  stabilization.  This  single  bond  therefore  exhibits  a  large  barrier 
to  rotation. 


Chapter  3 
Acids  and  Bases 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  3.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary, 

•  A  B  r  0ii  stcd  -Low  r  y  acid  is  a  proton  t  while  a  B  r  0n  s  tc  d  -  Low  r  y  base  is 

a  proton  . 

•  The  mechanism  of  proton  transfer  always  involves  at  least  curved  arrows. 

•  A  strong  acid  has  a   pKa,  while  a  weak  acid  has  a   pK&. 

•  There  are  four  factors  to  consider  when  comparing  the  of  conjugate 

bases. 

•  The  equilibrium  of  an  acid-base  reaction  always  favors  the  more  

negative  charge. 

•  A  Lewis  acid  is  an  electron  ,  while  a  Lewis  base  is  an  electron 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  3.  The  answers  appear  in  the  section  entitled 
SkillE a Uder  Re  v iew. 


Ski] (Builder  3.1   Draw  ing  Ihe  Mechanism  of  a  Prolon  Transfer 


DRAW  THE  CURVED  ARROWS  FOR  THE  FOLLOWING  AC SD  BASE  REACTION 


H  H 


ch3o:" 


Hbf    +  ch3c>h 


S  ki  J I B  u  i  Id  e  r  3 .2  Using  pK.ml  Val  u  es  to  Co  m  par  e  Ac  ids 


r;  ■"•{„••.  t  >he  compound  at  low  that  is  more  ACtosc 


Ac" 

H  H 
pKa  =  19.2 


O 

A0-« 

pKa  _  4.75 


SkillBuilder  33  Using  ptfa  Values  to  Compare  Basicity 


COMPARE  THE  FQLLQ  ft! NO  pKs  VALUES: 


o  o 

AA 

pKa  =9 


O 

A 

pKa  =  19 


O  O 

AA 

0 


O 

A 
© 


CHAPTER  3  41 


SkillBuilder  3.4  Using  pA:,  Values  to  Predict  the  Position  of  Equilibrium 


CIRCLE  THE  SIDE  OF  7  HE  £Ou7l  JflflUJM  THAT  IS  FAVORED: 


O      O  r\  O  O 

+       —  AA 

0 

ptfa  =  9.0  pKa=  15.7 


O 


SkillBuilder  3.5  Assessing  Relative  Stability.  Factor  #1:  Atom 


COMPARE  THE  TWO  I '.'  it  J  R  IMS  SHOWN  H 

JiV  THE  FOLLOWING  COMPOUND,  AND  \ 

CIRCLE  THE  ONE  THAT SS  MORE  ACIDIC.  N  O 

USE  THE  EXTRA  SPACE  TO  DRAW  THE  S  *  |_| 

TWO  POSSiBlE  COWJAJGdTE  eases. 


SkillBuilder  3*6  Assessing  Relative  Stability.  Factor  #2:  Resonance 


COM  PA  RE  THE  TWO  PRO  TONS  SHO  WN  Q 
IN  THE  FOLLOWING  COMPOUND.  AND 


CIRCLE  THE  ONE  THAT  IS  MORE  ACIDSC. 
USE  THE  EXTRA  SPACE  TO  DRAW  THE 
TWO  POSSIBLE  CONJUGA  TE  BASES. 


SkiHBuiLder  3,7   Assessing  Relative  Stability  .  Factor  #3:  Induction 


COMPARE  THE  TWO  PROTONS  SHOWN  IN  pp. 
THE  FOLLOWING  COMPOUND,  AND  *j>  M3 

C.'ni^t  .'neOVc  >HA!  :;-,.VC!<E  ACiDSC.  LI  I  |_| 

USE  THE  EATfld  SPACE  TO  DRA  W  THE  n  -^\^^-p.  -  n 
JW0  POSSIBLE  CONJUGATE  BASES.  U  U 


SkiHBuiLder  3.8  Assessing  Relative  Stability  .  Factor  #4:  Orbital 


COMPARE  THE  TWO  PROTONS  SHOWN  IN  u 
THE  FOLL  OWING  COMPOUND,  AND  *  n 

CIRCLE  THE  ONE  THAT  iS  MORE  ACIDIC. 
USE  THE  EXTRA  SPACE  TO  DRAW  THE 
TWO  POSSIBLE  CONJUGATE  BASES. 


SkillBuilder  3.9  Assessing  Relative  Stability  .  Using  all  Four  Factors 


COMPARE  THE  TWO  PROTONS  SHOWN  IN  w 
THE  FOLLOWING  COMPOUND.  AND  CIRCLE  H  ^  n 

THE  ONE  THAT  IS  MORE  ACIDIC.  USE  THE  Jt 


EXTRA  SPACE  TO  DRAW  THE  TWO  s 
POSSIBLE  CONJUGATE  BASES. 


SkillBuilder  3.10  Predicting  the  Position  of  Equilibrium  Without  the  Use  of  pAT,  Values 


CIRCLE  THE  SIDE  OF  THE  EQUILIBRIUM  THAT  IS  FAVORED: 

pit**   +    £jfe    =^  +  ^N-H 


SkillBuilder  3,1 1  Choosing  the  appropriate  reagent  for  a  proton  transfer  reaction 
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Ski]  I  Builder  3.12  Identifying  Lewis  Acids  and  Lewis  Bases 


IDEti  TfF  Y  WE  LE  WiS  A  CSD 

AND  THE  LEWSS  BASE 

IN  THE  FOLLOWING  REACT  (OH: 


Solutions 


3A. 


a) 


Acid 


Conjugate 
Base 


Conjugate 
Acid 


b) 


Base 


Acid 


A 

Conjugate 
Acid 


H:0:H 


Conjugate 
Base 


c) 


Acid 


Base 


0 


Conjugate 
Base 


Conjugate 
Acid 


d) 


+  9:Sh 


Base 


Conjugate 
Base 


H'  H 


Conjugate 


3.2. 

a)  There  is  only  one  arrow,  and  it  is  going  in  the  wrong  direction.  The  tail  has  been 
placed  on  the  hydrogen  atom,  and  this  is  incorrect.  Curved  arrows  do  not  show  the 
motion  of  atoms,  but  the  motion  of  electrons.  The  tail  of  this  curved  arrow  should  be  on 
the  lone  pair  of  the  nitrogen  atom,  and  the  head  of  the  curved  arrow  should  be  on  the 
proton.  In  addition,  a  second  curved  arrow  is  also  required.  It  should  look  like  this: 

0,- 
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b)  The  first  arrow  (from  the  J  one  pair  of  nitrogen  to  the  proton)  is  correct,  but  the  second 
curved  arrow  is  not  correct.  Specifically,  the  tail  is  placed  on  the  proton,  and  instead 
should  be  placed  on  the  bond  between  the  proton  and  the  oxygen  atom.  This  bond  must 
be  drawn  in  order  to  properly  place  the  second  curved  arrow: 

c-v-  H 

h;n:h      +    V^h   H*H        +  @:QH 

c)  The  second  curved  arrow  is  missing: 


3.3. 


e.CV. 

:o:  &>: 


:o: 


3.4- 


e)  h-C=C-h 


b)  H 


O 

H-O-S-O-H 
ii 

f)  0 


C)     H-CEC-H  d)      CI — H 


3.5. 


PKS  ~  16 

(more  acidic) 


H  pKa~38 
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3.7. 


3 

a)  H  h 


b) 


0 


C)  H 


d) 


H  H 

e)     h  f)  ^oh 


3.9. 

a)  A  lone  pair  on  a  nitrogen  atom  will  be  more  basic  than  a  lone  pair  on  an  oxygen  atom. 

b)  The  Lone  pair  on  the  nitrogen  atom  is  thirteen  orders  of  magnitude  more  basic  than  the 
lone  pair  on  the  oxygen  atom. 


3.10. 

a)  left  side 

b)  right  side 

c)  t  ight  side 

d)  right  side 


3.11.  The  equilibrium  does  not  favor  depro  to  nation  of  acetylene  by  hydroxide,  because 
water  is  more  acidic  than  acetylene.  The  equilibrium  will  favor  the  weaker  acid 
(acetylene).  A  suitable  base  would  be  one  whose  conjugate  acid  is  less  acidic  than 
acetylene.  For  example,  H2N"  would  be  a  suitable  base,  because  ammonia  (NH3)  is  less 
acidic  than  acetylene. 


3.12,  glycine 


3.13. 


a) 


b) 


H 

H-C-N 
H 
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3.14.  A  proton  connected  to  a  sulfur  atom  will  be  more  acidic  than  a  proton  connected  to 
an  oxygen  atom,  which  will  be  more  acidic  than  a  proton  connected  to  a  nitrogen  atom. 
Therefore,  the  proton  on  the  sulfur  atom  will  definitely  be  more  acidie  than  the  proton  on 
the  oxygen  atom. 

3.15. 


3.16. 


H-O 


The  proton  highlighted  above  is  the  most  acidic  proton  in  the  structure,  because 
deprotonation  at  that  location  generates  a  resonance-stabilized  anion,  in  which  the 
negative  charge  is  spread  over  two  oxygen  atoms  and  one  carbon  atom: 


3.17. 

OH  O 


3.18. 

a)  The  highlighted  proton  is  more  acidic.  When  this  location  is  deprotonated,  the 
conjugate  base  that  is  formed  is  stabilized  by  the  electron-withdrawing  effects  of  the 
electronegative  fluorine  atoms: 


F3C  O-H 
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b)  The  highlighted  proton  is  more  acidic.  When  this  location  is  deprotonated,  the 
conjugate  base  that  is  formed  is  stabilized  by  the  electron -withdrawing  effects  of  the 
electronegative  chlorine  atoms,  which  are  closer  to  this  proton  than  the  other  proton: 


3,19. 

a)  The  compound  with  two  chlorine  atoms  is  more  acidic,  because  of  the  electron- 
withdrawing  effects  of  the  additional  chlorine  atom,  which  help  stabilize  the  conjugate 
base  that  is  formed  when  the  proton  is  removed: 

CI  CI 

b)  The  more  acidic  compound  is  the  one  in  which  the  bromine  atom  is  closer  to  the  acidic 
proton.  The  electron-withdrawing  effects  of  the  bromine  atom  stabilize  the  conjugate 
base  th Lit  is  formed  when  the  proton  is  removed: 

O 


Br 


3.20. 

a)  In  the  compound  below,  one  of  the  chlorine  atoms  has  been  moved  closer  to  the  acidic 
proton,  which  further  stabilizes  the  conjugate  base  that  is  formed  when  the  proton  is 
removed: 

O 

CI  CI 

b)  In  the  compound  below,  one  of  the  chlorine  atoms  has  been  moved  farther  away  from 
the  acidic  proton,  which  destabilizes  the  conjugate  base  that  is  formed  when  the  proton  is 
removed: 

CI  O 

cr^-^OH 

c)  The  compound  below  is  less  acidic  than  the  compounds  above,  because  this  compound 
is  not  a  carboxylic  acid.  That  is,  the  conjugate  base  of  this  compound  is  NOT  resonance 
stabilized: 


a 


o 
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3.21.  Both  protons  are  the  same  distance  from  the  fluorine  atom,  and  both  protons  are 
the  same  distance  from  the  chlorine  atom.  Accordingly,  these  protons  are  expected  to  be 
of  equivalent  acidity. 

3.22.  The  compound  below  (acetylene)  is  more  acidic.  The  conjugate  base  of  this 
compound  has  a  negative  charge  associated  with  a  lone  pair  in  an  sp  hybridized  orbital, 
which  is  more  stable  than  a  negative  charge  associated  with  a  lone  pair  in  an  sp2 
hybridized  orbital. 

H-CEC-H 

3.23. 


3.24.     Most  imines  will  have  a  pK*  below  35,  because  imines  are  expected  to  be  more 
acidic  than  amines.  This  prediction  derives  from  a  comparison  of  the  conjugate  bases  of 
amines  and  imines.  The  former  has  a  negative  charge  in  an  sp3  hybridized  orbital,  while 
the  latter  has  a  negative  charge  in  an  sp2  hybridized  orbital.  The  latter  is  expected  to  be 
more  stable,  and  therefore,  imines  are  expected  to  be  more  acidic. 

3.25. 


3.26. 


a)  HBr 


b)  H2S 


c) 


NH3 


d)  H-^^H 


e) 


OH 

CI3C^CCI3 
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3.27. 

a)  When  the  proton  is  removed,  the  resulting  conjugate  base  is  highly  resonance 
stabilized  because  the  negative  charge  is  spread  over  four  nitrogen  atoms  and  seven 
oxygen  atoms.  In  addition,  the  inductive  effects  of  the  tr if luoro methyl  groups  (-CF3) 
further  stabilize  the  negative  charge. 

b)  The  OH  group  can  be  replaced  with  an  SH  group.  Sulfur  is  larger  than  oxygen  and 
more  capable  of  stabilizing  a  negative  charge: 

o  s'  o 

F3C  S  N  N  =  S=N  N  S  CF3 

II    V    I    V  II 

F3C         O  0  CF3 

Alternatively,  the  conjugate  base  could  be  further  stabilized  by  spreading  the  charge  over 

a  larger  number  of  nitrogen  and  oxygen  atoms,  for  example: 

.  H 

o  0  o 


F3C  S  N         N  — S  — 

o      II      V  I 


F3°  \ 

o 

The  additional  structural  units  (highlighted  above)  would  enable  the  conjugate  base  to 
spread  its  negative  charge  over  six  nitrogen  atoms  and  nine  oxygen  atoms,  which  should 
be  even  more  stable  than  being  spread  over  four  nitrogen  atoms  and  seven  oxygen  atoms. 


3.28, 


3.29. 

a)  the  right  side 

b)  the  left  side 

c)  the  right  side 
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3,30, 

0&  - 

The  equilibrium  favors  the  right  side  because  the  negative  charge  is  resonance  stabilized. 
331. 

a)  Yes,  because  a  negative  charge  on  an  oxygen  atom  will  be  more  stable  than  a 
negative  charge  on  a  nitrogen  atom. 

b)  Yes,  because  a  negative  charge  on  a  nitrogen  atom  will  be  more  stable  than  a 
negative  charge  on  an  sp3  hybridized  carbon  atom. 

c)  No,  because  a  negative  charge  on  an  sp2  hybridized  carbon  atom  will  be  less  stable 
than  a  negative  charge  on  a  nitrogen  atom. 

d)  No,  because  this  base  is  resonance-stabilized,  with  the  negative  charge  spread  over 
two  oxygen  atoms  and  one  carbon  atom.  Protonating  this  base  with  water  would  result  in 
the  formation  of  a  hydroxide  ion,  which  is  less  stable  because  the  negative  charge  is 
localized  on  one  oxygen  atom. 

e)  Yes,  because  a  negative  charge  on  an  oxygen  atom  will  be  more  stable  than  a 
negative  charge  on  a  carbon  atom. 

f)  Yes,  because  a  negative  charge  on  an  sp  hybridized  carbon  atom  will  be  more  stable 
than  a  negative  charge  on  a  nitrogen  atom. 


332. 

a)  Yes.  This  negative  charge  is  less  stable  than  hydroxide. 

b)  No.  This  negative  charge  is  resonance  stabilized  and  is  more  stable  than  hydroxide. 

c)  No.  This  negative  charge  is  resonance  stabilized  and  is  more  stable  than  hydroxide. 


333.  Water  is  more  acidic  than  ethanol.  Indeed,  the  pKa  of  water  (15.7)  is  lower  than  the 
pKa  of  ethanol  (16). 


334. 


a)     Lewis  Base 


CI 

c,'Al-c, 

Lewis  Acid 


b)    Lewis  Base  Lewis  Acid 


©  H 

:o 


:0: 
H  H 
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Bf 

.A*    J,*'.  1 
;Br— Br;      +  Al 
•*  Br"  vBr 


c)    Lewis  Base 


Lewis  Acid 


IBr-Br  A^-Br 
-   -  I 
Br 


d)     Lewis  Base 


H 

H©H 
Lev/ is  Acid 


x 


e)     iew/s  Base 


F'B  F 


335. 


0  0 


3.36. 


e 


b) 


0 

c)  H'N;H 


•o- 


9 


3.37. 


a) 


o 


b)  A 


c)  H'% 


a)  H 


b) 


H  H 

G 


c) 


CHAPTER  3  51 


338,  Compound  A  is  1000  times  more  acidic  than  compound  B. 

339.  In  each  reaction  below,  identify  the  Lewis  acid  and  the  Lewis  base: 

r-  — ^  I  \®d 


—oh 

a)  Lewis  Base  Lewis  Acid 


c)   Lewis  Base  Lewis  Acid 


CI 


x 


+  F^F  •  F'^F 

b)  Lewis  Base  Lewis  Acid 

/  P.l:     +      CI^-CI     =^  /-Gl-At-Cl 


3.40. 


h'n:h 


II 

h4h 


";oh 


3.41.  No,  because  the  leveling  effect  would  cause  the  deprotonation  of  ethanol  to  form 
ethoxide  ions,  and  the  desired  anion  would  not  be  formed  under  these  conditions. 


3.42.  No,  water  would  not  be  a  suitable  proton  source  in  this  case.  This  anion  is  the 
conjugate  base  of  a  carboxylic  acid.  The  negative  charge  is  resonance  stabilized  and  is 
more  stable  than  hydroxide. 


3.43. 


a) 


H'0*H  + 


H-Br: 


H^H  + 


kH—  O-S-O-H 


b) 


H©:H 


:bVP 


HQ^H 


0..  9 
:p-s-o-H 

*  6 
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c) 


H  "H 


d) 


h''0;h 


'H.  © 


H'g'H 


A 


H 

h©'h 


H 
i 

H'vrs-H 


3.44. 

a)  W 


3,45, 

a)  The  second  anion  is  more  stable  because  it  is  resonance  stabilized. 

b)  The  second  anion  is  more  stable  because  the  negative  charge  is  on  a  nitrogen  atom, 
rather  than  an  sp3  hybridized  carbon  atom. 

c)  The  second  anion  is  more  stable  because  the  negative  charge  is  on  an  sp  hybridized 
carbon  atom,  rather  than  an  sp3  hybridized  carbon  atom. 


3.46. 
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3.48, 

H-B        +        Na    :/T         —  ^  H-A        +  Na 

pKa  =  5  pKa=15 

The  equilibrium  will  favor  the  weaker  acid  (the  acid  with  the  higher  pA^  value).  In  this 
case,  the  equilibrium  favors  formation  of  HA. 


3.49, 


c) 


\0 
hs: 


A8p 


h2s; 


:ck  :nq 


:o: 


3.50, 

Increasing  base  strength 

O 

Ad3         ho0      -^o0  X0Q 


a) 
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base 


c) 


base 


JUL. 

G 


3.53. 

Increasing  acidity 


3.54. 

Increasing  acidity 
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3.55. 


a)  There  is  only  one  $p3  hybridized  carbon  atom  in  cyclopentadiene, 

b)  The  most  acidic  proton  in  cyclopentadiene  is  highlighted  below: 


c) 


The  corresponding  conjugate  base  is  highly  resonance  stabilized.  In  addition, 
the  conjugate  base  is  further  stabilized  by  yet  another  factor  that  we  will 
discuss  in  Chapter  1 8. 


& ..      <^       *'  ^ 

d)  There  are  no  sp}  hybridized  carbon  atoms  in  the  conjugate  base. 

e)  All  carbon  atoms  are  sp  hybridized  and  trigonal  planar.  Therefore,  the  entire 
compound  has  planar  geometry. 

f)  There  are  five  hydrogen  atoms  in  the  conjugate  base. 

g)  There  is  one  lone  pair  in  the  conjugate  base,  and  it  is  highly  delocalized. 

3.56,  When  salicylic  acid  is  deprotonated,  the  resulting  conjugate  base  is  further 
stabilized  by  intramolecular  hydrogen  bonding: 


3.57. 


OH 


a) 


c 

b)  o 


c) 


or  r 

O- 


0-V-°H  or 


OH 


O 


(there  are  other  possibilities  as  well) 


O—      (there  are  other  possibilities  as  well) 


3.58.  The  four  constitutional  isomers  are  shown  below. 
N02 


N02 


N02 


.---^N02 
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The  last  compound  is  expected  to  have  the  highest  ptfa  because  its  conjugate  base  is  not 
resonance  stabilized.  The  other  three  compounds  have  resonance-stabilized  conjugate 
bases,  for  example: 


s©,0 
i 

:o: 


e 


3.59,  Compare  the  conjugate  bases,  Both  are  resonance  stabilized,  But  the  conjugate 
base  of  the  first  compound  has  a  negative  charge  spread  over  two  nitrogen  atoms  and  two 
carbon  atoms,  while  the  conjugate  base  of  the  second  compound  has  a  negative  charge 
spread  over  one  nitrogen  atom  and  three  carbon  atoms.  Since  nitrogen  is  more 
electronegative  than  carbon,  nitrogen  is  more  capable  of  stabilizing  a  negative  charge. 
Therefore,  the  conjugate  base  of  the  first  compound  is  more  stable  than  the  conjugate 
base  of  the  second  compound.  As  a  result,  the  first  compound  will  be  more  acidic. 


3.60. 

a)  The  two  most  acidic  protons  are  labeled  Ha  and  Hb: 


rlfpivirine 


b)  Ha  is  expected  to  be  slightly  more  acidic  than  Hb,  because  removal  of  Ha 
produces  a  conjugate  base  that  has  one  more  resonance  structure  than  the  conjugate  base 
formed  from  removal  of  Hb.  The  former  has  the  negative  charge  spread  over  four 
nitrogen  atoms  and  five  carbon  atoms,  while  the  latter  has  the  negative  charge  spread  over 
four  nitrogen  atoms  and /bur  carbon  atoms. 


3.61, 

a)  When  R  is  a  cyano  group,  the  conjugate  base  is  resonance  stabilized: 


A  {\© 
:n=c— n: 

H 


0. 
;n-c=n; 


b)  There  are  many  possible  answers.  Here  is  one  example,  for  which  the 
conjugate  base  has  the  negative  charge  spread  over  three  nitrogen  atoms, 
rather  than  just  two  nitrogen  atoms: 


N=C-N  H 
C — N 
H  H 


Chapter  4 
Alkalies  and  Cycloalkanes 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  4.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  Hydrocarbons  that  lack  are  called  saturated  hydrocarbons,  or 

•   provide  a  systematic  way  for  naming  compounds. 

•  Rotation  about  C-C  single  bonds  allows  a  compound  to  adopt  a  variety  of 


•   projections  are  often  used  to  draw  the  various  conformations  of  a 

compound. 

•  conformations  are  lower  in  energy,  while  

conformations  are  higher  in  energy. 

•  The  difference  in  energy  between  staggered  and  eclipsed  conformations  of  ethane 
is  referred  to  as   strain. 

•   strain  occurs  in  cycloalkanes  when  bond  angles  deviate  from  the 

preferred  J* 

•  The  conformation  of  cyclohexane  has  no  torsional  strain  and  very  little 

angle  strain. 

•  The  term  ring  flip  is  used  to  describe  the  conversion  of  one  

conformation  into  the  other.  When  a  ring  has  one  stibstituent...the  equilibrium 

will  favor  the  chair  conformation  with  the  substituent  in  the  

position. 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  4.  The  answers  appear  in  the  section  entitled 
SkiUBuilder  Review. 


SkillBuilder  4,1   Identifying  the  Parent 


^8 
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S  kil  LB  in  Ide  r  4.2  Id*?  n  ti  f y  i  w  g  and  Na  mi  n  g  S  u  lis  t  i  t  next  I  % 


STEP  1  -  IDENTIFY  THE  PARENT 
IN  THE  FOLLOWING  COMPOUND 


STEPS  2  AND  3-  CIRCLE  AND  NAME  ALL  ALKYL  SUBSTlTUENTS 
CONNECTED  TO  THE  PARENT 


SkilLBuilder  4.3  Men  ti  Fy  i  n  g  and  Nil  mi  n  g  Ci >m  pi  ex  S  u  l>s  1  i  I  u  ents 


PROVIDE  A  NAME  FOR  THE  FOLLOWING 
COMPLEX  SUBS TtTUENT  (HIGHLIGHTED) 


SkilLBuilder  4.4  Assembling  the  Systematic  Name  of  an  Alkane 


PROVIDE  A  SYSTEMATIC  NAME  FOR  THE  PC". L 0 fV >,\G  COMPOUND 


r )  IDEN  TIFY  THE  PAREN  T 
Sf  IDENTIFY  AND  NAME  SUBSTlTUENTS 


JTJ  ASSIGN  LOCANTS  TO  EACH  SUBS TSTUENT 
4}  ALPHABETIZE 


SkilLBuilder  4,5  Assembling  the  Name  of  a  B  icy  die  Compound 


PROVIDE  A  SYSTEMATIC  NAME  FOR  THE  FOLLOWING  COMPOUND 
t)  IDENTIFY  THE  PARENT 
3)  IDENTIFY  AND  NAME  SUBSTlTUENTS 


3)  ASSIGN  LOCANTS  TO  EACH  SUBSTfTUENT 

4)  ALPHABETIZE 


SkilLBuilder  4.6  Identifying  Constitutional  Isomers 


DETERMINE  IF  THESE  TWO 
COMPOUNDS  ARE  THE  SAME 
BY  A SSlGNINQ  A  SYS TEMA  TIC 
NAME  TO  EACH  AND  THEN 
COMPARING  THEM. 


SkilLBuilder  4.7  Drawing  Newman  Projections 


STEP  1  -  IDENTIFY  THE  THREE  GROUPS 
CONNECTED  TO  THE  FRONT  CARBON  ATOM 


STEP  2-  IDENTIFY  THE  THREE  GROUPS 
CONNECTED  TO  THE  BACK  CARBON  ATOM 


□ 


v1 


STEP  3 -ASSEMBLE  THE 
NEWMAN  PROJECTION 
FROM  THE  TWO  PIECES 
OBTAINED  IN  THE 
PREVIOUS  STEPS 


Br 


CH3 


Br  H 
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SkillBuilder  4.8  Identifying  Relative  Energy  of  Conformations 


STEP  f  -  DRAW  A 
NEWMAN 
PROJECTION 
LOCKING  DOWN  THE 
BOND  iNDlCA  TED 


STEP  2  -  DRA  WALL  THREE  S  TA  GO  ERED 
CONFORMATIONS  AND  DETERMINE  WHICH 
ONE  HA  S  THE  FEWES  T  OR  LEA  ST  SE  VERE 
GAUCHE  INTE  ft  ACTIONS 


STEPS-  DRAW  ALL  ThftEE  ECLIPSED 
CONFOftMA  TIONS  AND  DETEftMlNE  WHICH  ONE 
HAS  THE  HIGHEST  ENERGY  INTERACTIONS 


SkiJIBuilder  4.9 

Drawing  a  Chair  Conformation 


SkillBu.lder4.10 

Drawing  Axial  and  Equatorial  Positions 


DRAW  A  CHAIR  CONFORM.  riOV 


DRAW  A  CKA  iff  CONFORUA  CON  SnOWNC  ALL  SIX  AXIAL 
POSITIONS  AND  ALL  SIX  EQUATORIAL  POSITIONS 


SkillBuilder  4.1 1   Drawing  Both  Chair  Conformations  of  ii  M  onus  instituted  Cydohexane 


SkillBuilder  4.12  Drawing  Both  Chair  Conformations  of  Di substituted  Cydohexanes 


DRAW  BOTH  CHAIR 
CONFORMATIONS  OF  THE 
FOLLOWING  COMPOUND 


Et 

X 


''Me 


SkillBuilder  4. 13  Drawing  Ibe  More  Stable  Chair  Conformation  of  Polysubsliluted  Cydohexanes 


DRAW  BOTH  CHAIR 
CONFORMATIONS  OF 
THE  FOLLOWING 
COMPOUND  AND 
DETERMINE  WHICH  ONE 
IS  MORE  STABLE 

Et 
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Solutions 


4.1. 


a)  parent  -  hexane 
c)  parent  =  heptanes 
e)  parent  =  octane 
g)  parent  -  cyclopentane 
i)  parent  -  cyclopropane 


b)  parent  -  heptane 
d)  parent  -  nonane 
f)  parent  =  heptane 
h)  parent  -  cycloheptene 


4.2. 


43. 


parent  =  hexane        parent  =  pentane 


parent  =  butane 


parent  =  pentane 

4.4.    Only  three  of  the  isomers  will  have  a  parent  name  of  heptane: 


4.5. 


All  groups  are 
a}     methyl  groups 


methyl 


c) 


ethyl 


methyl 
methyl  , 


ethyl 


methyl 

C  methyl 
d^  L^X  methyl 
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methyl 


cyciobutyl 


ethyl 


methyl 


4.6. 


a) 


b) 


4.7. 


Systematic  =  ( 1, 1-dimethy!ethyl) 
Common  =  ten-butyl 


Systematic  =  (i-methylethyl) 
Common  =  isopropyl 


Systematic  =  methyl 
Common  =  methyl 


Systematic  =  (2,2-dimethytpropyt) 
Common  =  neopentyl 


Systematic  =  (1-methylethyf) 
Common  =  isopropyt    p  all 


Syste/naf/c  -  (2-methylpropyl) 
Common  =  isobutyl 
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4.8. 


Systematic  -  (1-mettoytethyf) 
Common  =  isopropyi 

Systematic  =  (1,1-dfmethytethyl} 
Common  -  tert-butyi 


(2-methyIcyclobutyt) 


4.9. 


pentyl  ( 1-methyfbutyt)  (2-methylbutyt)  (3-methylbutyl) 


(1, 1-dimetbylpropyl)  (1 ,2-dimetnylpropyl)  (2,2-dimetbylpropyl)  (t-&tbylpropyI) 
4.10. 

li )  3  A .6-tri methy  1  octane 

b)  sec-buty  Icyc  lohexane 

c)  3-ethyl-2-methylheptane 

d)  3 -isopropyi -2 ,4-dimethy  Ipentane 

e)  3~ethyl^2t2~dimethylhexane 

f)  2-cyeIoh exyl -4-ethyl -5 ,6-dimethyl octane 

g)  3  -  eth  y  1  -  2  y5  -d  i  m  e  th  y  1-4  -pro  p  y Iheptan  e 

h)  5-sec-buiyl-4-ethyl-2-methyldecane 

i)  2,2,6,6,7,7-hexamethylnonane 
j)  4,5-dimethylnonane 
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k)  2  A  ,4,6-  tetram  eth  y  1  h  e  p  tatie 

1)  2,2,5-trimethylpentane 

rn)  4-tert-butylheptane 

n)  3-ethyI-6-isopropyl-2,4-dimethy]decane 

o)  3v5-diethyl-2-methyloctane 

p)  1 , 3  -d  i  i  s  o  prop  y  I  c  y  c  lopen  tane 

q)  3-ethy]-2T5-dimethylheptane 

4.11. 


4.12. 

a)  4-ethyl-l~methylbicyclo[3.2.1]octane 

b)  2,215,7-tetramethy]bicyclo[4.2.0]octane 

c)  2,7,7-trimethyibicyclo[4.2.2]decane 

d)  3^t"butyl-2-methy]bicyclo(3.l.O]hexane 

e)  2T2-dimethy]bicyclo[2.2.2]octane 

f)  2,7-dimethylbicyclo[3.3.0]octane 

g)  bicyclo[  l ..  1 .0] butane 

h)  5,5-dimethyibicyclo[2. 1 .  l]hexane 

i)  3-(3-methylbutyl)bicyclo[4A0]decane 

4.13. 


4.14. 

a)  same  compound 

b)  same  compound 

c)  same  compound 

d)  constitutional  isomers 

4.15. 
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4.16. 


CH3 

a)  CH3 


H^H 

d)  ^H3 


CH3 

H^ccl 


b) 


CH, 


CH3 

-k-CI 


-CI 


CH3 


c^  CH2CH3 
f)  CH3 


4.17. 


a) 


b) 


4.18.    The  compounds  are  not  constitutional  isomers.  They  are  just  two  different 
representations  of  the  same  compound.  They  are  both  23-d imethyl butane. 


4.19. 

a)  The  energy  barrier  is  expected 
to  be  approximately  1 8  kJ  /  mol 
(calculation  below): 


6  kJ  /  mol 


■  H3C 


HLC" 


6  kJ  f  mol 


b)  The  energy  barrier  is  expected 
to  be  approximately  16  kJ  /  mol 
(calculation  below): 


6  kJ  /  mol 


H3C 


hUC" 


4  kJ  /  mo! 


S  kJ  /  moi 


6  kJ  /  mol 


4.20. 

CH3 

cH3YiYCH3 

a)     Lowest  Energy 


H3C 


H 


3H^CH3 

h3c'h 

Highest  Energy 


Me 
Me 

gj  Lowest  Energy 


u  H 

Me'Me 
Highest  Energy 


Et 

Lowest  Energy 


u  H 
H^Me 
Et  Et 
Highest  Energy 


H  A-^H 
Et 

^  Lowest  Energy 


Me 
H 


H 
H 


Et  Et 
Highest  Energy 
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4.21.  The  gauche  conformations  are  capable  of  intramolecular  hydrogen  bonding,  as 
shown  below.  The  ami  conformation  lacks  this  stabilizing  effect. 


OH 

H  ^  T  ^.  H 

OH 
Anti 


h  crH 

H  A-^H 
H 

Gauche 


Hik0 

H 

Gauche 


4.22. 


P3 


4.23. 


a) 


4.24. 


4.25. 


4.26. 


4.27.  There  are  eight  hydrogen  atoms  in  axial  positions  and  seven  hydrogen  atoms  in 
equatorial  positions. 


4.28. 


OH 

a) 


66  CHAPTER  4 


4.29. 

a)  The  bromine  atom  occupies  an  equatorial  position. 


430.  Although  the  OH  group  is  in  an  axial  position,  nevertheless,  this  conformation  is 
capable  of  intramolecular  hydrogen  bonding,  which  is  a  stabilizing  effect: 

4.31. 

Me 
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434,  The  two  chair  conformations  of  lindane  are  degenerate.  There  is  no  difference  in 
energy  between  them. 


435.    trans- 1 ,4 -di -tert- b  uty 1 c y c lohex ane  exists  predominantly  in  a  chair  conformation, 
because  both  substituents  can  occupy  equatorial  positions.  In  contrast,  cis-lA-di-tert- 
butylcyc  lohe  x  ane  cannot  have  both  of  its  substituents  in  equatorial  positions.  Each  chair 
conformation  has  one  of  the  substituents  in  ,m  axial  position,  which  is  too  high  in  energy. 
The  compound  can  achieve  a  lower  energy  state  by  adopting  a  twist  boat  conformation, 


436.  cis- 1 , 3  -di  m  e  th  y  I  c  vc  I  o  h  ex  an  e  is  expected  to  be  more  stable  than  trans- 1 ,3- 

di  me  thylcyc  lohex  ane  because  the  former  can  adopt  a  chair  conformation  in  which  both 

substituents  are  in  equatorial  positions  (highlighted  below): 


cis-  1r3dimethytcyclohexane 

CH3  CH3 

H 

GH3  gf  ~~  ^^^h 


trans-  1,3-dimethylcyclohexane 


CH3 

jr. 


437.  trans-]  ,4-dimethy Icyclohexane  is  expected  to  be  more  stable  than  cis- 1 ,4- 
dimethylcyclohexane  because  the  latter  can  adopt  a  chair  conformation  in  which  both 
substituents  are  in  equatorial  positions  (highlighted  below): 


trans-  1t4 -dimethylcyclohexane 

H  CHa 


CH3 


H 


CH3 


ess) 


CH3 
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438.  cis- 1 rf-butyleyclohexane  can  adopt  a  chair  conformation  in  which  both 
tert- butyl  groups  occupy  equatorial  positions  (highlighted  below),  and  as  a  result,  it  is 
expected  to  exist  primarily  in  that  conformation.  In  contrast,  trans- 1 ,3-di-terf- 
butylcyclohexane  cannot  adopt  a  chair  conformation  in  which  both  tert- butyl  groups 
occupy  equatorial  positions.  In  either  chair  conformation,  one  of  the  tert -butyl  groups 
occupies  an  axial  position.  This  compound  can  achieve  a  lower  energy  state  by  adopting 
a  twist-boat  conformation. 


where  R  =  tert-butyl  group 


439. 

a)  parent  -  octane 

b)  parent  -  nonane 

c)  parent  =  octane 

d)  parent  -  heptane 


b)  isopropyl  or  (1-methyleihyJ) 

c) 


propyl 


d)  f  erf-butyl  or  (1 1] -dime thy lethyl) 
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4.41. 

a)  2  ,3,5  -tri  methy  1-4-propy Iheptane 

b)  1,2,4,5-  tetram  e  th  y  ]  -  3  -  propy  1c  y  c  I  o  hex  ane 

c)  23,5,9-tetramethylbicyclo[4.4.0]decane 

d)  1 ,4-dimethylbicyclo[2.2.2]octane 

4.42. 

a)  same  compound 

b)  constitutional  isomers 

c)  same  compound 

4.43. 


Me 


4.44. 


4.45. 

.,XA     b)V^  «^>C 


4.46.  The  energy  diagram  more  closely  resembles  the  shape  of  the  energy  diagram  for  the 
conformational  analysis  of  ethane. 


Potential 
Energy 


180*         120°  60s  0°  60*  120'  180° 

Dihedral  Angle 
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4.47,  Two  of  the  staggered  conformations  are  degenerate.  The  remaining  staggered 
conformation  is  lower  in  energy  than  the  other  two,  as  shown  below: 


Potential 
Energy 


Me 

H-£p-Me 
H 


Me 

Me^f^H 
H 


H 

Me-^4^Me 


4.48. 


a)  ci 


OH 


CI 


4.49. 


C)  OH 

— /  has  more  CH2  groups, 

cannot  adopt  a  chair  conformation  in  which  both  groups  occupy  equatorial 


positions. 


« XX 


c)  v  cannot  adopt  a  chair  conformation  in  which  both  groups  occupy  equatorial 
positions. 


*XX 

positions. 


cannot  adopt  a  chair  conformation  in  which  both  groups  occupy  equatorial 
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4.5(1. 


Potential 
Energy 


ci 

CI 


180 


120 


H     )"'  '"CI 
CI 

CI 

CI 

H  YTV^ 
CI 

60& 

0°  60* 

120°  160" 

Dihedral  Angle 


4.51. 


a)  hex  a  tie 

b)  methylcyclohexane 

c )  met  h  y  1  c  y c  lope  n  tane 

d )  tran  s- 1 ,2  -d  i  m  e  thy  ]  c  y c  1  op  ent  ane 

4.52.  Each  H-H  eclipsing  interaction  is  4  kJ  /  mol,  and  there  are  two  of  them  (for  a  total 
of  8  kJ  /  mol).  The  remaining  energy  cost  is  associated  with  the  Br-H  eclipsing 
interaction:  15  -  8  =  7  kJ  /  moL 


4.53. 


HO 

more  stable 
(ail  groups  are  equatorial) 


4.54. 


a) 


more  stable 


J 


b) 


more  stable 
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4.55. 

a)  The  second  compound  can  adopt  a  chair  conformation  in  which  all  three 
substituents  occupy  equatorial  positions.  Therefore,  the  second  compound  is 
expected  to  be  more  stable. 

b)  The  first  compound  can  adopt  a  chair  conformation  in  which  all  three 
substituents  occupy  equatorial  positions.  Therefore,  the  first  compound  is 
expected  to  be  more  stable. 

c)  The  first  compound  can  adopt  a  chair  conformation  in  which  both  substituents 
occupy  equatorial  positions.  Therefore,  the  first  compound  is  expected  to  be  more 
stable. 

d)  The  first  compound  can  adopt  a  chair  conformation  in  which  all  four 
substituents  occupy  equatorial  positions.  Therefore,  the  first  compound  is 
expected  to  be  more  stable. 

4.56. 


Me 


Me 


4.57.  All  groups  are  in  equatorial  positions. 

HO— * 
HO-^V-V---0, 

HO-V- — Y-V-OH 
OH 

4.58. 

Me 

Me-Hr^Me 
Me 

2,2,4,4-tetramethylbutane 

All  staggered  conformations  are  degenerate,  and  the  same  is  true  for  all  eclipsed 
conformations.  The  energy  diagram  has  a  shape  that  is  similar  to  the  energy  diagram  for 
the  conformational  analysis  of  ethane: 
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Dihedral  Angle 

The  staggered  conformations  have  six  gauche  interactions,  each  of  which  has  an  energy 
cost  of  3.8  kJ  /  mol.  Therefore,  each  staggered  conformation  has  an  energy  cost  of  22.8 
kJ  /  mol.  The  eclipsed  conformations  have  three  methyl-methyl  eclipsing  interactions, 
each  of  which  has  an  energy  cost  of  11  kJ  /  mol.  Therefore,  each  eclipsed  conformation 
has  an  energy  cost  of  33  kJ  /  mol.  The  difference  in  energy  between  staggered  and 
eclipsed  conformations  is  therefore  expected  to  be  approximately  10.2  kJ  /  mol. 

4.59. 

Increasing  energy 


»VH  V" 

Br  H  HH  HH 

4.60. 

a)  This  conformation  has  three  gauche  interactions,  each  of  which  has  an  energy  cost  of 
3.8  kJ  /  mol.  Therefore,  this  conformation  has  a  total  energy  cost  of  1  L4  kJ  /  mol 
associated  with  torsional  strain  and  steric  strain. 

b)  This  conformation  has  two  methyl -H  eclipsing  interactions,  each  of  which  has  an 
energy  cost  of  6  kJ  /  mol.  In  addition,  it  also  has  one  methyl-methyl  eclipsing  interaction, 
which  has  an  energy  cost  of  1 1  kJ  /  mol.  Therefore,  this  conformation  has  a  total  energy 
cost  of  23  kJ  /  mol  associated  with  torsional  strain  and  steric  strain. 

4.61. 


OH 


4.62. 

a)  equatorial  b)  equatorial  c)  axial 

d)  equatorial  e)  equatorial  f)  axial 
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4.63. 

A 

cyclopropane 


4.64,  As  mentioned  in  Section  4.9,  cyclobutene  adopts  a  slightly  puckered  conformation 
in  order  to  alleviate  some  of  the  torsional  strain  associated  with  the  eclipsing  hydrogen 

atoms: 


H 


In  this  non-planar  conformation,  the  individual  dipole  moments  of  the  C-Cl  bonds  in 
trans- 1 3-dichlorocyclobutane  do  not  fully  cancel  each  other,  giving  rise  to  a  small 
molecular  dipole  moment. 

4.65,  Cyclohexene  cannot  adopt  a  chair  conformation  because  two  of  the  carbon  atoms 
are  sp2  hybridized  and  trigonal  planar.  A  chair  conformation  can  only  be  achieved  when 
all  six  carbon  atoms  are  sp*  hybridized  and  tetrahedral  (with  bond  angles  of  109.5°). 


4.66. 


a)  identical  compounds 
c)  identical  compounds 
e)  identical  compounds 
g)  stereoisomers 
i)  constitutional  isomers 
k)  stereoisomers 


b)  constitutional  isomers 

d)  constitutional  isomers 

f)  stereoisomers 

h)  stereoisomers 
j)  different  conformations  of  the  same  compound 
1)  constitutional  isomers 


4.67. 

a)  the  trans  isomer  s  expected  to  be  more  stable,  because  the  cis  isomer  has  a  very 
high  energy  methyl-methyl  eclipsing  interaction  (1 1  kJ/mol).  See  calculation  below. 


b)  We  calculate  the  energy  cost  associated  with  all  eclipsing  interactions  in  both 
compounds.  Let's  begin  with  the  trans  isomer.  It  has  the  following  eclipsing 
interactions,  below  the  ring  and  above  the  ring,  giving  a  total  of  32  kJ  /  mol: 


Eclipsing  Interactions  Below  the  Ring      Eclipsing  Interactions  Above  the  Ring 


H-H 
eclipsing 
interaction  j 
(4kJ/mol)  H„C* 


-  H  H 


CH3  -  H 
eclipsing 
)  interaction 
t"*Hy  (6kJ/mol) 


CH3  -  H  eclipsing 
interaction 
(6  kJ  /  mol) 


CH3  -  H 
eclipsing  , 
interaction 
(6kJ/mol) 


H  -  H 
eclipsing 
interaction 
,H*/  (4kJ/mol) 


CH3  -  H  eclipsing 
interaction 
(6kJ/mol) 
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Now  let's  focus  on  the  cis  isomer.  Ii  has  the  following  eclipsing  interactions,  below  the 
ring  and  above  the  ring,  giving  a  total  of  35  kJ  /  mol: 


Eclipsing  Interactions  Below  the  Ring 


eclipsing    f  A 
interaction  |            /  j 
(4kJ/mot)  ,  H3C-T  


\  ecUpsmg 
.  interaction 
\(4kJ/mot) 

vy  ~ 

H  -  H  eclipsing 
interaction 
(4kJ/mof) 


Eclipsing  Interactions  Above  the  Ring 


CH3*H    f  ^H^H^' 
eclipsing  ,  'jt 
interaction  \  /\  }  , 

/  \_  J  m 


CH3  -  H 
eclipsing 

.  .  .       ...   v       /    \       J  interaction 

H         H  4 


CWj  -  CW3  eclipsing 
interaction 
{11  kJ/mol) 


The  difference  between  these  two  isomers  is  therefore  predicted  to  be  (35  kJ  /  mol)  -  (32 
kJ  /  mol)  =  3  kJ  /  mol. 


4.68.  With  increasing  halogen  size,  the  bond  length  also  increases.  That  is,  the  C-I  bond 
is  longer  than  the  C-Br  bond,  which  is  longer  than  the  C-Cl  bond.  So,  although  iodine  is 
much  larger  than  the  other  halogens,  the  longer  bond  length  helps  to  accommodate  the 
additional  steric  bulk.  These  two  factors  (increased  steric  bulk  and  increased  bond 
length)  mostly  offset  each  other. 


4.69. 

a) 


more  stable 


b)  Comparison  of  these  chair  conformations  requires  a  comparison  of  the  energy  costs 
associated  with  all  axial  substituents  (see  Table  4.8).  The  first  chair  conformation  has 
two  axial  substituents:  an  OH  group  (energy  cost  =  4.2  kJ  /  mol)  and  a  CI  group  (energy- 
cost  =  2.0  kJ  /  mol),  giving  a  total  of  6.2  kJ  /  mol.  The  second  chair  conformation  has 
two  axial  substituents:  an  isopropyl  group  (energy  cost  =  9.2  kJ  /  mol)  and  an  ethyl 
group  (energy  cost  =  8.0  kJ  /  mol),  giving  a  total  of  17.2  kJ  /  mol.  The  first  chair 
conformation  has  a  lower  energy  cost,  and  is  therefore  more  stable. 

c)  Using  the  numbers  calculated  in  part  b,  the  difference  in  energy  between  the  these  two 
chair  conformations  is  expected  to  be  (17.2  kJ  /  mol)  -  (6.2  kJ  /  mol)  =  1 1  kJ  /  mol. 
Using  the  numbers  in  Table  4.8,  we  see  that  a  difference  of  9  kJ  /  mol  corresponds  with  a 
ratio  of  97:3  for  the  two  conformations.  In  this  case,  the  difference  in  energy  is  more 
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than  9  kJ  /  mol,  so  the  ratio  should  be  even  higher  (more  than  97%).  Therefore,  we  do 
expect  the  compound  to  spend  more  than  95%  of  its  time  in  the  more  stable  chair 
conformation. 


4.7(h 

a)  m-Deealin  has  three  gauche  interactions,  while  fraw.v-decaJin  has  only  two  gauche 
interactions. 


H 

H 

H 

=  G$0 

H 

frans-decalin 

b)  taWK-Decalin  is  incapable  of  ring  flipping,  because  a  ring  flip  of  one  ring  would  cause 
its  two  alkyl  substituents  (which  comprise  the  second  ring)  to  be  too  far  apart  to 
accommodate  the  second  ring. 


hypothetical  ring  flip 


cannot  accomodate 
a  six  membered  ring 
connecting  these 
two  substituents. 


Chapter  5 
Stereoisomerism 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  5.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary, 

*   isomers  have  the  same  connectivity  of  atoms  but  differ  in  their  spatial 

arrangement. 

*  Chiral  objects  are  not  super  imposa  hie  on  their   ..  The 

most  common  source  of  molecular  chirality  is  the  presence  of  a 

 ,  a  carbon  atom  bearing  ____  different  groups. 

*  A  compound  with  one  chirality  center  will  have  one  non - s u peri mpos able  mirror 
image,  called  its  . 

*  The  Cahn-Ingold-Prelog  system  is  used  to  assign  the  of  a 

chirality  center. 

*  A  polarimctcr  is  a  device  used  to  measure  the  ability  of  chiral  organic 

compounds  to  rotate  the  plane  of   light.  Such 

compounds  are  said  to  be  active. 

*  A  solution  containing  equal  amounts  of  both  enantiomers  is  called  a  


mixture.  A  solution  containing  a  pair  of  enantiomers  in  unequal  amounts  is 
described  in  terms  of  enantiomeric  (ee). 

•  For  a  compound  with  multiple  chirality  centers,  a  family  of  stereoisomers  exists. 
Each  stereoisomer  will  have  at  most  one  enantiomer,  with  the  remaining  members 
of  the  family  being  . 

*  A  compound  contains  multiple  chirality  centers  but  is  nevertheless 

achiral  because  it  possesses  reflectional  symmetry. 

■   projections  are  drawings  that  convey  the  configuration  of  chirality 

centers,  without  the  use  of  wedges  and  dashes. 

Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  5.  The  answers  appear  in  the  section  entitled 
SkiUBuilder  Review. 

SkiUBuilder  5.1   Identifying  ds-tmns  Stereoisomerism 


ASSIGN  THE  CONFIGURATION 
OF  THE  FOLLOWING  DOUBLE 
BOND  AS  CIS  OR  TRANS 


S  kil  (Builder  5.2  L  oca  ti  ng  Chira  Li  ty  Cent  ens 

— c 


CIRCLE  THE 
CHIRALITY  CENTER 
SN  THE  FOLLOWING 
COMPOUND 
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S  kil  LB  in  Lder  5,3  D  raw  ing  an  Enani  io  mer 


SHOW  THREE  WAYS  TO 
DRAW  THE  ENANTSOMER 
OF  THE  FOLLOWING 
COMPOUND.  PLACE 
YOUR  ANSWERS  SN  THE 
BOXES  SHOWN. 


SkillBuilder  5.4  Assigning  Configuration 


AS S:0 N  T.^£  CONFIGURATION 
OF  THE  CHtRALITY  CENTER  IN 
THE  FOLLOWING  COMPOUND 


H2N 


S  kil  LB  ui  Ide  r  5.5  Ca  leu  la  ti  n  g  s  pacific  rotation 


CALCULATE  THE 
SPECIFIC  ROTATION 
GIYEN  THE  FOLLOWING 
INFORMATION: 

0.300  grams  sucrose 
dissolved  in  1 0.0  ml_  of  water 
sample  cell  -  10.0  cm  Q 
observed  rotation  =  +1.99 


S  kil  LB  ui  Id?  r  5,6  Caleu  la  ti  tig  %  ee 


CALCULATE  THE 
ENANTIOMERIC  EXCESS 
GIVEN  THE  FOLLOWING 
INFORMATION: 

The  specific  rotation  of 
optically  pyre  adrenaline  is 
-53.  A  mixture  of  (fl)-  and 
(S)-  adrenaline  was  found 
to  have  a  specific  rotation 
of  -  45  ,  Calculate  the  % 
eeof  the  mixture 


observed  |  J 


|    |  of  pure  crianLioiner 


□ 


100%  = 


□ 


S  kil  LB  ui  Ider  5.7  Dele  rmini  ng  S  it  reoi  so  merit  Relal  ionsh  i  p 


OH 

OH 

IDENTIFY  THE  STEREOISOMERS 

RELATIONSHIP  BETWEEN  THE 

1 

FOLLOWING  TWO  COMPOUNDS 

SkiUBuilder  5.8   Identifying  Meso  Compounds 


DRAW  ALL  POSSIE 

I.2  CYCLOHEXANEDIOL  (SHOWN  LEFT).  AND  THEN  LOOK  FOR  A 

PLANE  OF  SYMMETRY  IN  ANY  OF  THE  DRAWINGS   THE  PRESENCE  OF  A  PLANE  OF  SYMMETRY  INDICATES  A 
MESO  COMPOUND 

c 

cc 

+ 

ENANTIOMERS 

MESO 
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S kil IB ui Lde r  53   Assi g ni oft  con fi £U ral io o  Fro m  a  Fischer  proj ec tioo 


O^OH 

A$$IQN  THE  COMFfQUFIATfON 

OF  THE  CMRALirV  CENTER  IN 

H-f  OH 

□ 

THE  FOLLOWING  COMPOUND 

CH2OH 

Solutions 


5.1. 


a)  tranx 

c)  trans 

e)  /ra/tv 
g)  CIS 


b)  not  stereoisomeric 
d)  rram 

f)  not  stereoisomeric 


H2CCHCH2CH2CH2CHCH2  = 
Neither  double  bond  exhibits  stereoisomerism,  so  this  compound  does  not  have 
any  stereoisomers. 


HO., 
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chiraiity  center 


5-6,    The  phosphorus  atom  has  four  different  groups  attached  to  it  (a  methyl  group,  an 
ethyl  group,  a  phenyl  group,  and  a  lone  pair).  This  phosphorous  atom  therefore 
represents  a  chiraiity  center.  This  compound  is  not  su peri mpo sable  on  its  mirror  image, 
as  can  be  seen  clearly  by  building  and  comparing  molecular  models. 


5J. 
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5.9. 


a) 


OH  H 


c) 


O  OH 

Ft 


o 


s 


C)  Br 


5.1ft. 


5.11. 


i 


CI   ^— Br  ci 


b)      CI  §r 


.0  /^^N 

\ — ,  sVr"'N 


d) 


H  L 


OH 


OH  "CI 


5.12.  specific  rotation  -  [a]  - 

5.13.  specific  rotation  -  [a]  - 


5.14-  specific  rotation  -  [a]  -   - 


a   _  (+1.47°) 

c^xT"  (0.0575  g/mL)x(  1.00 dm) 

a   _  (-2.99°) 

c  x  1  ~  (0.095  g  /  inL)  x  ( 1 .00  dm) 

(+0.57°) 


c  x  1      (0.260  g  /  mL)  x  ( J  .00  dm) 


+25.6 
=  -31.5 

=  +2.2 


5.15.  This  compound  does  not  have  a  chirality  center,  because  two  of  the  groups  are 
identical: 

Accordingly,  the  compound  is  achiral  and  is  not  optically  active. 
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5.16. 


cxl 


o  =  [a]  xcxl  =(+]3.5)(0.1OOg/mL)(li)Odm)=  +  1.35' 


5.17. 


observed  | al 

%ee    =  l—   X  100% 

|al  of  pure  enantiomer 


(-37°) 

o-  X  100  % 


( -  39.5") 

94% 


5.18. 

observed  [al 

%ee    =    X  100% 

[aj  of  pure  enantiomer 

(-6.0°) 
=  TT^7  X    100  % 

(  -  6. 3  ) 

=  95% 


5.19. 


observed  I  a  I 

%ee    =  — —  LUJ.   X  100% 

lal  of  pure  enantiomer 


(  85  ) 

7^TX  m% 


=  92% 
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a  (+0.78°) 

5.20.    Observed  [a]  =   =   -  +2.2 

cxl      (0.350  g/mL)x(  1.00dm) 

observed  |  <x  I 

%ee    =  —   X  100% 

|al  of  pure  enantiomer 


—o-  X   100  % 


=  19% 


a)  enantiomers 

b)  diastereomers 

c)  diastereomers 

d)  diastereomers 

e)  diastereomers 

f)  enantiomers 


5.22.  There  are  three  chirality  centers,  and  only  one  of  these  chiraliiy  centers  has  a 
different  configuration  in  these  two  compounds.  The  other  two  chirality  centers  have  the 
same  configuration  in  both  compounds.  Therefore,  these  compounds  are  diastereomers. 

5.23. 

a)  yes  b)  yes  c)  no  d)  yes  e)  yes  f)  no 

5.24.  5.23f  has  three  planes  of  symmetry, 

5.25. 
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5.26. 


b) 


HO.      OH  HO,      £>H  HO,  OH 

H      H  H 


HO  5—;.  C 
C)  /A=/\=/\ 


OH  HO 


PH  HQ 


5.27.    Each  of  these  compounds  is  a  meso  compound  and  does  not  have  an  enantiomer. 

XX  XX 


5.28  There  are  only  four  stereoisomers: 


OH 

OH 

HOv..A^QH 

  HO/,,  A  ^OH 

meso 

OH 

> 

OH 

HOv^,....^OH 

=  HO/,.^A^,aOH 

/  not  a  chiratity  center 
OH  /     (see  problem  5,5} 
HO,  l^OH 


OH  / 
HO^X^lsOH 


not  a  chiratity  center 
(see  problem  5.5) 


5.29.    a)  R  b)  S  c)  S  d)  S 
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5.30. 


H 

HO- 
H- 


OH  R 
H  S 
OH  H 
CH2OH 


O^OH 


HO 

HO- 

HO- 


h) 


H  S 
H  S 
H  S 
CH2OH 


O^..OH 


HO 
H- 
HO- 


H  S 
OH  R 
H  S 
CH2OH 


531. 


O  OH 
HO  H 


H- 
HO 


A) 


OH  ff 
H  S 
CH2OH 


H 
H- 

H 


.OH 

-OH  A 
-OH  ff 
OH  R 


CH^OH 


H 

HO- 
H 


OH  ff 
H  S 
OH  R 
CH2OH 


532. 


533. 


.r.CH3 


/  H 
O 

o 


OH 


534. 

a)  PacJitaxel  has  eleven  ehirality  centers. 

b)  The  enantiomer  of  paclitaxel  is  shown  below: 
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535. 


536. 

a)  enantiomers 

b)  same  compound 

c)  constitutional  isomers 

d)  constitutional  isomers 

e)  diastereomers 

f)  same  compound 

g)  enantiomers 

h)  diastereomers 

i)  same  compound 
j)  same  compound 
k)  same  compound 
1)  same  compound 


HO 


H0-  '  >OH 
not  stereoisomer^ 


not  stereoisomer^ 


537.  a)  8 
538. 

a) 


d) 


Et 


HO 

HO- 
H- 


H 
H 


g)  CHs 


OH 


b)3 


c)  16 


e)  Me 


O^OH 


H 

HO- 
H- 


OH 

-H 
-OH 


h)  CH2OH 
QH 

k) 


d)3 


e)3 


f)32 


OH  OH  CI  CI  OH  O 
i)  foe  foe 


1) 


OH 
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539. 


XE,\pH 


NH2 

b) 


C) 


e) 


H  F 


CL  Br 


n 


Me 


H- 
HO- 


h) 


-OH  s 
-H  S 


Me 


5.41. 

a)  diastereomers 

b)  diastereomers 

c)  enantiomers 

d)  same  compound 

e)  enantiomers 

f)  diastereomers 

g)  enantiomers 

h)  diastereomers 

i)  enantiomers 

j)  same  compound 
k)  enantiomer 
])  diastereomers 


5.42. 


%  ee  — 


observed  [aj 


lal  Of  pure  enantiomer 


X  100% 


(-61°) 


X  100% 


=  90% 
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(-0.47°) 


a)  True. 

b)  False. 

c)  True. 

5.44.    specific  rotation  -  [a]  = 
5.45. 

a)  (S)-limonene  b)  (/f)-linionene  c)  (LS>limonene  d)  (/?)-limonene 
5.46. 


f 


cxl     (0.0075  g  /  mL)  x  (1 .00  dm) 


=  63 


b) 


HO  j  bH 


c) 


H3C  H  CH3 
HpH 


d) 


5.47. 


CH3 

CH3 

5.48.  The  first  compound  has  three  chirality  centers: 


three  chirality  centers 


This  is  apparent  if  we  assign  the  configuration  at  CI  and  C3  of  the  cyclohexane  ring.  In 
the  first  compound,  the  configuration  at  CI  is  different  than  the  configuration  at  C3.  As  j 
result,  there  are  four  different  groups  attached  to  the  C2  position.  That  is,  CI  and  C3 
represent  two  different  groups:  one  with  the  R  configuration  and  the  other  with  the  S 
configuration.  In  contrast,  consider  the  configuration  at  CI  and  C3  in  the  second 
compound.  Both  of  these  positions  have  the  same  configuration,  and  therefore,  the  C2 
position  in  that  compound  does  not  have  four  different  groups.  Two  of  the  groups  are 
identical,  so  C2  is  not  a  chirality  center. 
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5.49. 

a)  enantiomers 

b)  diastereomers 

c)  enantiomers 

d)  same  compound 

e)  enantiomers 

f)  diastereomers 

g)  same  compound 

h)  constitutional  isomers 

i)  diastereomers 
j)  diastereomers 
k)  same  compound 
1)  enantiomers 


a)  -61 

b)  90  %  ee 

c)  95  %  of  the  mixture  is  (S>carvone 


5.51. 

a)  chiral 
e)  chiral 
i)  chiral 
1)  achiral 


b)  chiral 
f)  achiral 
j)  achiral 
m)  chiral 


c)  achiral 
g)  achiral 
k)  chiral 
n)  achiral 


d)  achiral 
h)  chiral 
1)  chiral 
o)  achiral 


5.52. 


cxl 


a  =  [a]xcxl  =  (+24)(0i)100g/mL)(li)0dm)  =  +0.24° 

5.53. 

a)  optically  inactive  (me so) 

b)  optically  active 

c)  optically  active 

d)  optically  inactive 

e)  optically  active 

f)  optically  inactive  (3-methylpentane  has  no  chirality  centers) 

g)  optically  inactive  (meso) 

h)  optically  inactive 


5.54. 

OH    OH  OH    OH  OH  OH 
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5.55. 


a) 


OH  OH 
OH 


b)  No.  A  racemic  mixture  is  not  optically  active. 

c)  Yes,  because  d  and  e  are  not  enantiomers.  They  are  diastereomers,  which  are 

not  expected  to  exhibit  equal  and  opposite  rotations. 


5.56. 


H0- 
H 


a) 


■H 
OH 
CH2OH 


HO 
HO- 
H 


-H 


b) 


H 

OH 
CH2OH 


H0- 
H- 
H0- 


v0H 

-H 


C) 


OH 
H 

CH2OH 


5.57. 

a)  3-methylpentane  and  2-methylpentane  are  constitutional  isomers. 

b)  trans- 1 ,2-dimethylcyclohexane  and  cis- 1 ,2-dimethyleyclohexane  are  diastereomers  ^ 

5.58.  The  following  two  compounds  are  enantiomers  because  they  are 
nonsuperimposable  mirror  images.  You  may  find  it  helpful  to  construct  molecular  models 
to  help  visualize  the  mirror  image  relationship  between  these  two  compounds. 

|_|^Lr       U       U  H^' 

H 


5.59.  Thi  s  compoun d  will  be  ac h i ra  1 . 


5.60. 

a)  This  compound  cannot  be  completely  planar  because  steric  hindrance  prevents  the  two 
ring  systems  from  rotating  with  respect  to  each  other.  The  compound  is  locked  in  a 
particular  conformation  that  is  chiraL 

b)  This  ring  system  cannot  be  planar  because  of  steric  hindrance,  and  must  therefore 
adopt  a  spiral  shape  (like  a  spiral  staircase).  The  spiral  can  be  right  handed  or  left 
handed,  and  the  relationship  between  these  two  forms  is  enantiomeric. 

5.61.  The  compound  is  chiral  because  it  is  not  superimposable  on  its  mirror  image. 
H*C-0=<CHH3 

5.62.  This  compound  has  a  center  of  inversion,  which  is  a  form  of  reflection  symmetry. 
As  a  result,  this  compound  is  superimposable  on  its  mirror  image  and  is  therefore 
optically  inactive. 
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Chemical  Reactivity  and  Mechanisms 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  6.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

 reactions  involve  a  transfer  of  energy  from  the  system  to  the 


surroundings,  while  reactions  involve  a  transfer  of  energy  from 

the  surroundings  to  the  system. 

Each  type  of  bond  has  a  unique  energy,  which  is 

the  amount  of  energy  necessary  to  accomplish  homolytic  bond  cleavage. 

Entropy  is  loosely  defined  as  the  of  a  system. 

In  order  for  a  process  to  be  spontaneous,  the  change  in  

must  be  negative. 

The  study  of  relative  energy  levels  and  equilibrium  concentrations  is  called 


 __  is  the  study  of  reaction  rates. 

 speed  up  the  rate  of  a  reaction  by  providing  an  alternate  pathway 

with  a  lower  energy  of  activation. 

On  an  energy  diagram,  each  peak  represents  a  ,  while  each 

valley  represents  . 

A  has  an  electron-rich  atom  that  is  capable  of  donating  a 

pair  of  electrons. 

An  has  an  electron-deficient  atom  that  is  capable  of 

accepting  a  pair  of  electrons. 

For  ionic  reactions,  there  are  four  characteristic  arrow-pushing  patterns: 

1)  2)  ,  3)  , 

and  4)  . 

As  a  result  of  hyperconjugation,  carbocations  are  more  stable  than 

secondary  carbocations,  which  are  more  stable  than  carbocations. 
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Review  of  Skills 

Fill  in  the  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look  in  your 
textbook  at  the  end  of  Chapter  6.  The  answers  appear  in  the  section  entitled  Skill  Builder 
Review. 


S  kil  IB  ui  Id*?  r  6. 1   Predict  ing  AH"  t>f  a  Reac  tion 


EXAMPLE 

CALCULATE  AH* 
FOR  TH1$  REACTION 


C\2 


X.  +  H- 


■c 


STEPS  1  AND  2 

tDENTIFY  THE  BDE  OF  EACH  BOND  BROKEN  AND  FORMED. 
AND  DETERMINE  THE  APPROPRIA  TE  SIGN  FOR  EACH  VALUE 


CI— CI 


kJ  /  mol       kJ  /  mol 

v  v  

kJ  /  mol 


\  1 


CI 


H-CI 


kJ  /  mol      kJ  /  mol 

v  v  J 


kir^oi 


STEP  3 

TAKE  THE  SUM  OF  STEPS  1  AND  2 

kJ  /  mol  j      ^kJ  /  mol  j 

^  v  ' 

LJ 

kJ  I  mol 


Ski!  (Builder  6,2  Identifying  Nudeophilic  and  Electro philic  Centers 


CLASSIFY  EACH  OF  THE  HIGHLIGHTED  REGIONS  BELOW  AS  EITHER  A  NuCLEOPHlLlC  CENTER  OR  AN  ELEC TROPHSLSC  CENTER 

H  H 

Is-  lo+ 

H — C — Li 

H  ! 


j  i     1 1     i  ■  ~  *  ■  i 


SkuTBuilder  6.3  Identifying  an  Arrow  Pushing  Pattern 


1DEHTJFY  EACH  OF  THE  FOUR  TYPES  OF  ARROW  PUSHING  PATTERNS 

) 

1  1 

i  i 

i  l 

A,   "  X 

HsC  CH 

x\e  —  K 
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Ski]  (Builder  6,4  Identifying  a  Sequence  of  Arrow  Pushing  Pa  Herns 


IDENTIFY  EACH  OF  THE  i-'DL  LOWING  AHHCV/  F 'J^'H,''v<'J  PATTERNS 


f\  H  *  vH 

H— Br  ^V® 


S  kil  IB  ui  Ide  r  6*5  D  raw  i  ng  C  u  rv  ed  A  r  row  s 


STEP  1  -  10EN  TIF  ¥  WHICH  OF  THE  FOUR  ARROW  PUSHING 
PATTERNS  TO  USE  IN  THE  FOLLOWING  CASE: 


H  H 


STEP  2  -  DRAW  THE  CURVED  ARROW.  FOCUSING  ON  THE 
PROPER  PLACEMENT  OF  THE  TAIL  AND  HEAD  OF  EACH 
CURVED  ARROW 


H 

."I 

H  ©  H 


H'0tH 


S  kil  IB  ui  Ide  r  6,6  Predict  ing  C  a  r  hi  na  I  io  n  Rear  ra  n  geme  n  is 


STEP  f  -  CIRCLE  THE 
CARBON  ATOMS 
BELOW  THAT  ARE 
IMMEDIATELY 
ADJACENT  TO  THE  C* 


STEP  2  -  IDENTIFY 
ANY  H  OR  CHS 
A TT ACHED  DIRECTLY 
TO  THESE 
CARBON  ATOMS 


STEPS- FIND  ANY 
GROUPS 

THAT  CAN  MIGRATE 

TO  GENERATE 

A  MORE  STABLE  G* 


STEP  4-  DRAW  A  CURVED  ARRO  W  SHOWING  THE  CV 
REARRANGEMENT  AND  THEN  DRAW  THE  NEW 
CARSOCATION 


(!) 
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Solutions 

6A. 

a) 

Bonds  Broken  kj/rtio] 

H— CH(CH3)2  +  397 

Br— Br  +  192 


Bonds  Formed  kj/mo] 
(CH3)2CH— Br  -  285 
H— Br  -368 


Sum  =  -  64  kJ/moL 

AH0  for  this  reaction  is  negative,  which  means  that  the  system  is  losing  energy.  It 
is  giving  off  energy  to  the  environment,  so  the  reaction  is  exothermic. 


b) 

Bonds  Broken  U/juqI 

(CH3)3C— CI  +  331 

H — OH  +  498 


Bonds  Formed  kJ/mol 
(CH3)3C— OH  -381 
H— CI  -431 


Sum  =  +17  kJ/moL 

AH0  for  this  reaction  is  positive,  which  means  that  the  system  is  gaining  energy. 
It  is  receiving  energy  from  the  environment,  so  the  reaction  is  endothermic. 


O 

Bonds  Broken  U/mol  Bonds  Formed  kl/m»] 

(CH3)3C— Br  +272  (CH3)3C— OH  -381 

H— OH  +498  H— Br  -368 

Sum  =  +21  kJ/moL 

AH°  for  this  reaction  is  positive,  which  means  that  the  system  is  gaining  energy. 
It  is  receiving  energy  from  the  environment,  so  the  reaction  is  endothermic. 


d) 

Bonds  Broken  kl/mol 

(CH  v)3C— I  +  209 

H— OH  +  498 


Bonds  Formed  kJ/mol 
(CH3)3C— OH  -  381 
H— I  -297 


Sum  =  +  29  kJ/mol. 

AH°  for  this  reaction  is  positive,  which  means  that  the  system  is  gaining  energy. 
It  is  receiving  energy  from  the  environment,  so  the  reaction  is  endothermic. 
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The  C-C  band  of  CH^ — CHj?  has  a  bond  dissociation  energy  of  =  +368  kJ/mol.  If 
a  C=C  bond  has  a  total  bond  dissociation  energy  of  +632  kJ/mol,  then  the  pi 
component  of  the  double  bond  can  be  estimated  to  be  (632  kJ/mol)  -  (368  kJ/mol) 
=  264  k.l/mol.  In  other  words,  the  pi  component  of  the  C=C  bond  is  not  as  strong 
as  the  sigma  component  of  the  C=C  bond.  In  the  reaction  shown  in  this  problem, 
the  pi  component  of  the  C=C  bond  is  broken  but  the  sigma  component  remains 
intact.  Accordingly,  the  calculation  is  as  follows: 


Bonds  Broken  kJ/mol 

C=C  (just  the  +  264 
pi  component) 

H— OH  +  498 


Bonds  Formed  kJ/mol 
CH3CH2— OH  -381 

H— CH2R  ~  -410 


Sum  =  -  29  kJ/mol. 

AH0  for  this  reaction  is  predicted  to  be  negative,  which  means  that  the  system  is 
losing  energy.  It  is  giving  off  energy  to  the  environment,  so  the  reaction  is 
exothermic. 


a)  ASsys  is  expected  to  be  negative  (a  decrease  in  entropy)  because  two  molecules 
are  converted  into  one  molecule. 

b)  ASsys  is  expected  to  be  negative  (a  decrease  in  entropy)  because  an  acylic 
compound  is  converted  into  a  cyclic  compound. 

c)  AS^  is  expected  to  be  positive  (an  increase  in  entropy)  because  one  molecule 
is  converted  into  two  molecules. 

d)  ASsy&  is  expected  to  be  positive  (an  increase  in  entropy)  because  one  molecule 
is  converted  into  two  ions. 

e)  ASsy<<  is  expected  to  be  negative  (a  decrease  in  entropy)  because  two  chemical 
entities  are  converted  into  one. 

f)  ASsys  is  expected  to  be  positive  (an  increase  in  entropy)  because  a  cyclic 
compound  is  converted  into  an  acyclic  compound. 


6A. 

a)  There  is  a  competition  between  the  two  terms  contributing  to  AG.  In  this  case, 
the  reaction  is  endothermic,  which  contributes  to  a  positive  value  for  AG,  but  the 
second  term  contributes  to  a  negative  value  for  AG: 
AG=    AH      +  (-TAS) 

e  0 

The  sign  of  AG  will  therefore  depend  on  the  competition  between  these  two 
terms,  which  is  affected  by  temperature.  A  high  temperature  will  cause  the 
second  term  to  dominate,  giving  rise  to  a  positive  value  of  AG.  A  low 


CHAPTER  6  97 


temperature  will  reader  the  second  term  insignificant,  and  the  first  term  will 
dominate,  giving  rise  to  a  negative  value  of  AG. 

b)  In  this  case,  both  terms  contribute  to  a  negative  value  for  AG,  so  AG  will 
definitely  be  negative  (the  process  will  be  spontaneous). 

c)  In  this  case,  both  terms  contribute  to  a  positive  value  for  AG,  so  AG  will 
definitely  be  positive  (the  process  will  not  be  spontaneous). 

d)  There  is  a  competition  between  the  two  terms  contributing  to  AG.  In  this  case, 
the  reaction  is  exothermic,  which  contributes  to  a  negative  value  for  AG,  but  the 
second  term  contributes  to  a  positive  value  for  AG: 

AG  =    AH      +  (-TAS) 


The  sign  of  AG  will  therefore  depend  on  the  competition  between  these  two 
terms,  which  is  affected  by  temperature.  A  high  temperature  will  cause  the 
second  term  to  dominate,  giving  rise  to  a  negative  value  of  AG.  A  low 
temperature  will  render  the  second  term  insignificant,  and  the  first  term  will 
dominate,  giving  rise  to  a  positive  value  of  AG. 


6.5.  A  system  can  only  achieve  a  lower  energy  state  by  transferring  energy  to  its 
surroundings  (conservation  of  energy).  This  increases  the  entropy  of  the 
surroundings,  which  more  than  offsets  the  decrease  in  entropy  of  the  system.  As  a 
result,  ASiot  increases. 


a)  A  positive  value  of  AG  favors  reactants. 

b)  A  reaction  for  which  Keq  <  1  will  favor  reactants. 

c)  AG  =  AH  -  TAS  =  (33  kJ/mol)  -  (298  K)(0.150  kJ/mol  •  K)  =  -11. 7  kJ/mol 

A  negative  value  of  AG  favors  products. 

d)  Both  terms  contribute  to  a  negative  value  of  AG,  which  favors  products. 

e)  Both  terms  contribute  to  a  positive  value  of  AG,  which  favors  reactants. 


6.7. 

a)  Process  D  will  occur  more  rapidly  because  it  has  a  lower  energy  of  activation 
than  process  A. 

b)  Process  A  will  more  greatly  favor  products  at  equilibrium  than  process  B. 
because  the  former  is  exergonic  (the  products  are  lower  in  energy  than  the 
reactants)  while  the  latter  is  not  exergonic. 

c)  None  of  these  processes  exhibits  an  intermediate,  because  none  of  the  energy 
diagrams  has  a  local  minimum  (a  valley).  But  all  of  the  processes  proceed  via 
a  transition  state,  because  all  of  the  energy  diagrams  have  a  local  maximum  (a 
peak). 
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d)  In  process  A,  the  transition  state  resembles  the  reactants  more  than  products 
because  the  transition  state  is  closer  in  energy  to  the  reactant  than  the  products 
(the  Hammond  postulate). 

e)  Process  A  will  occur  more  rapidly  because  it  has  a  lower  energy  of  activation 
than  process  B. 

f)  Process  D  will  more  greatly  favor  products  at  equilibrium  than  process  B, 

because  the  former  is  exergonic  (the  products  are  lower  in  energy  than  the 
reactants)  while  the  latter  is  not  exergonic. 

g)  In  process  C;  the  transition  state  resembles  the  products  more  than  reactants 
because  the  transition  state  is  closer  in  energy  to  the  products  than  the 
reactants  {the  Hammond  postulate). 


6.8. 


6.12. 

a)  loss  of  a  leaving  group 

b)  proton  transfer 

c)  rearrangement 
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d)  nucleophilic  attack 

e)  proton  transfer 

f)  nucleophilic  attack 

g)  rearrangement 

h)  loss  of  a  leaving  group 

i)  nucleophilic  attack 

6.13.  The  pi  bond  functions  as  a  nucleophile  and  attacks  the  electrophilic  carbocation. 
This  step  is  therefore  a  nucleophilic  attack. 


a)  proton  transfer;  nucleophilic  attack;  proton  transfer 

b)  nucleophilic  attack;  proton  transfer;  proton  transfer 

c)  proton  transfer;  nucleophilic  attack;  loss  of  a  leaving  group 

d)  proton  transfer;  loss  of  a  leaving  group;  nucleophilic  attack;  proton  transfer 

e)  proton  transfer;  nucleophilic  attack;  proton  transfer 

6.15.    Both  reactions  have  the  same  sequence:  1)  nucleophilic  attack,  followed  by  2) 
loss  of  a  leaving  group.  In  both  cases,  a  hydroxide  ion  functions  as  a  nucleophile 
and  attacks  a  compound  that  can  accept  the  negative  charge  and  store  it  temporarily. 
The  charge  is  then  expelled  as  a  chloride  ion  in  both  cases. 


6.14. 


6.16. 


H 


a) 


H 

hIth 


H 


6.17. 


:ci: 


+ 


Vpl:  ..© 
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b)  This  carbocation  is  tertiary  and  will  not  rearrange 


c)  tertiary  tertiary  ally  He 

d)  This  carbocation  is  secondary,  but  it  cannot  rearrange  to  form  a  tertiary 
carbocation. 


h)  This  carbocation  is  tertiary  and  it  is  resonance  stabilized  (we  will  see  in 
Chapter  7  that  this  carbocation  is  called  a  benzylic  carbocation).  It  will  not 
rearrange. 

6.19. 
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6.20. 

a)  a  carbon -carbon  triple  bond  is  comprised  of  one  sigma  bond  and  two  pi  bonds, 
and  is  therefore  stronger  than  a  carbon -carbon  double  bond  (one  sigma  and  one  pi 
bond)  or  a  carbon-carbon  single  bond  (only  one  sigma  bond). 

b)  Using  the  data  in  Table  6.1,  the  C-F  will  have  the  largest  bond  dissociation 
energy. 


6.21. 

a) 

Bonds  Broken  U/mol                             Bonds  Formed  kJ/mcri 

RCH2— Br  +  285                             RCH2— OR  -  381 

RCH2O— H  +435                            H— Br  -368 

Sum  =  -29kJ/mol. 

AH0  for  this  reaction  is  negative,  which  means  that  the  system  is  losing  energy.  It 
is  giving  off  energy  to  the  environment,  so  the  reaction  is  exothermic. 

b)  AS  of  this  reaction  is  positive  because  one  mole  of  reactant  is  converted  into  two 
moles  of  product. 

c)  Both  terms  (AH)  and  (-TAS)  contribute  to  a  negative  value  of  AG. 

d)  No. 

e)  Yes. 

6.22, 

a)  A  reaction  for  which  Keq  >  1  will  favor  products. 

b)  A  reaction  for  which      <  1  will  favor  reactants. 

c)  A  positive  value  of  AG  favors  reactants. 

d)  Both  terms  contribute  to  a  negative  value  of  AG,  which  favors  products. 

e)  Both  terms  contribute  to  a  positive  value  of  AG,  which  favors  reactants. 


6.23.  Keq  -  1  when  AG  =  0  kJ/mol  (See  Table  6.2). 

6.24.  Keq  <  1  when  AG  has  a  positive  value.  The  answer  is  therefore  "a"  (+1  kJ/mol) 


6.25. 

a)  ASsys  is  expected  to  be  negative  (a  decrease  in  entropy)  because  two  moles  of 
reactant  are  converted  into  one  mole  of  product. 

b)  ASsys  is  expected  to  be  positive  (an  increase  in  entropy)  because  one  mole  of 
reactant  is  converted  into  two  moles  of  product. 
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c)  ASsys  is  expected  to  be  approximately  zero,  because  two  moles  of  react  ant  are 
converted  into  two  moles  of  product. 

d)  A$sys  is  expected  to  be  negative  (a  decrease  in  entropy)  because  an  acylie 
compound  is  converted  into  a  cyclic  compound, 

e)  ASsys  is  expected  to  be  approximately  zero,  because  one  mole  of  reactant  is 
converted  into  one  mole  of  product,  and  both  the  reactant  and  the  product  are 
acyclic. 


6.26, 


6.27. 

a)  B  and  D 

b)  A  and  C 

c)  C 

d)  A 

e)  D 

f)  D 

g)  A  and  B 

h)  C 


Reaction  Coordinate 
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6.29. 

a)  Rate  -  k[nucleophile] [substrate] . 

b)  The  rate  will  be  tripled,  because  the  rate  is  linearly  dependent  on  the 
concentration  of  the  nucleophile. 

c)  The  rate  will  be  tripled,  because  the  rate  is  linearly  dependent  on  the 
concentration  of  the  substrate. 

d)  As  a  rule  of  thumb,  the  rate  doubles  for  every  increase  of  10°  C.  Therefore  an 
increase  of  40°  C  will  correspond  to  increase  in  rate  of  approximately  16-fold  (2x2 
x  2  x  2) 

630. 

a)  loss  of  a  leaving  group 

b)  carbocation  rearrangement 

c)  nucleophilic  attack 

d)  proton  transfer 

6.31. 


Increasing  Stability 


&  primary  secondary  tertiary 


increasing  Stability 


primary  secondary  secondary 

b)  resonance-stabilized 


6.32. 

LOSS  OF  A 

NUC*£°/yjUC  *.    LEAVING  GROUP 

ATTACK  a* 

o     .— .  ci  c-y      cl  „:*  nci 
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634. 


OH 


PROTON 
TRANSFER 


AC        o  . 


CI  I 


c 


X 
I  I  - 


PROTON 
TRANSFER 


c 


6.35. 


f 


Br  □ 


O 


NUCLEOPHIUC 
ATTACK 


Br  O. 


HO  Br  O 


OH 


NQ2 


HO   Br  O 


LOSS  OF  A 
LEAVING  CROUP 


H0  B:  ^ 


CHAPTER  6  105 


636. 


PROTON 
TRANSFER 


Et 


NUCLEOPHILIC 
ATTACK 


PROTON 
TRANSFER 


8-H 


H-O-Et 


OMe 


^  Et 


Me" 


TRANSFER  _. 

H-6-Et 


Me" 


OEt 


  LOSS  OF  A 

S%  LEAVING  GROUP 

®J\  /'OH 

:Oi  -MeOH    „    -  H 

^Aoe,  -  ^bB 


OH 
-OEt 

X  PROTON 
r  TRANSFER 
H 

H  -  "Et 


MeVTfH 


637. 

NUCLEOPHiUC  LOSS  OF  A  PROTON 

ATTACK  LEAVING  GROUP  TRANSFER 

ffi^H-Q-H           =Ob  H  -  =CI:            J  H-O-H  -O. 

R'  "CI:                      R-^Ofe  R  '  R"  ^OH 

sCli  H  H 


6.38. 


i 


NUCLEOPHtLtC 
ATTACK 


ci: 
RG 


R 


LOSS  OF  A 
LEAVfNG  GROUP 


NUCLEOPHtLiC 
ATTACK 


R^TR 

^;rG 


¥1 

R 


H 


H  ••  H 


PROTON 
TRANSFER 


:oh 
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PROTON 
TRANSFER 


NUCLEOPHtUC 
ATTACK 


©o'H 

5V 


:oh  f 


PROTON 
TRANSFER 


:oh 

'■■'/-OR 


PROTON 
TRANSFER 


£5© 


H  S>  H 


:or 


TRANSFER 


a: 


NUCLE0PH1UC 
ATTACK 


LOSS  OF  A 
-  H20  LEAWWG 


,R 


PROTON 
TRANSFER 

^hA© 


©o'H 

5v 


R  -*..R 

'N 


NUCLEOPHtUC 


PROTON 
TRANSFER 


:oh  r  " 


R©  R 


PROTON 
TRANSFER 


L  OSS  OF  A 
LEAVING 
GROUP 

-  H.O 


,  PROTON 
H—Ay  TRANSFER 
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H 

,n:0 


PROTON 
TRANSFER 


H  H 


PflOTOW 
TRANSFER 


LOSS  OF  4 
LEAVING 
GROUP 


PROTON 
TRANSFER 


H  N-N 
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6.44. 

H 


6.45. 


!  i  H  ^  ^H 


H  H 


>1- 


HO  OH  ; 

hY"Yh  .; 


.®,  H  .-J? 


H 


H 


;0- 

H  H 


HCV  .OH 
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6.46. 


6.47. 


■-x  ft 


ho: 


ho: 


h^:   :oh   ©o^-H  -oh  ho.  ;oX 


A 


-.9x9:  t^j:  ^  ho: 


6.48. 


c)  This  carbocation  is  secondary,  but  it  cannot  rearrange  to  generate  a  tertiary 
carbocation. 
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a) 


H-O: 


.a 


H3C 


H- 


C-Br: 


CH3 


H-0  C- 


■H 


:Br: 


ii 


H 


b)  Nucleophilic  attack  and  loss  of  a  leaving  group. 

c)  A  CH3CH2 — Br  is  broken,  and  a  CH3CH2 — OH  is  formed.  Using  the  data  in 
Table  6. 1,  AH  for  this  reaction  is  expected  to  be  approximately  (285  kJ/mol)  - 
(381  kJ/mol).  The  sign  of  AH  is  therefore  predicted  to  be  negative,  which  means 
that  the  reaction  should  be  exothermic. 

d)  Two  chemical  entities  are  converted  into  two  chemical  entities.  Both  the 
reactants  and  products  are  acyclic.  Therefore,  AS  for  this  process  is  expected  to 
be  approximately  zero. 

e)  AG  has  two  components:  (AH)  and  (-TAS).  Based  on  the  answers  to  the 
previous  questions,  the  first  term  has  a  negative  value  and  the  second  term  is 
insignificant.  Therefore,  AG  is  expected  to  have  a  negative  value.  This  is 
confirmed  by  the  energy  diagram,  which  shows  the  products  having  lower  free 
energy  than  the  reactants. 

f)  The  position  of  equilibrium  is  dependent  on  the  sign  and  value  of  AG.  As 
mentioned  in  part  e,  AG  is  comprised  of  two  terms.  The  effect  of  temperature 
appears  in  the  second  term  (-TAS).  which  is  insignificant  because  AS  is 
approximately  zero.  Therefore,  an  increase  (or  decrease)  in  temperature  is  not 
expected  to  have  a  significant  impact  on  the  position  of  equilibrium. 

g)  This  transition  state  corresponds  with  the  peak  of  the  curve,  and  has  the 
following  structure: 

f 


HO- 


1  4 
--C-- 

h"  h 


-Br 


h)  The  transition  state  in  this  case  is  closer  in  energy  to  the  reactants  than  the 
products,  and  therefore,  it  is  closer  in  structure  to  the  reactants  than  the  products 
(the  Hammond  postulate). 

i)  The  reaction  is  second  order. 
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j)  According  to  the  rate  equation,  the  rate  is  linearly  dependent  on  the 
concentration  of  hydroxide.  Therefore,  the  rate  will  be  doubled  if  the 
concentration  of  hydroxide  is  doubled, 
k)  Yes,  the  rate  will  increase  with  increasing  temperature. 

6.50. 

a)  Keq  does  not  affect  the  rate  of  the  reaction.  It  only  affects  the  equilibrium 
concentrations. 

b)  AG  does  not  affect  the  rate  of  the  reaction.  It  only  affects  the  equilibrium 
concentrations. 

c)  Temperature  does  affect  the  rate  of  the  reaction,  by  increasing  the  number  of 
collisions  that  result  in  a  reaction. 

d)  AH  does  not  affect  the  rate  of  the  reaction.  It  only  affects  the  equilibrium 
concentrations. 

e)  Ea  greatly  affects  the  rate  of  the  reaction.  Lowering  the  E.L  will  increase  the  rate 
of  reaction. 

f)  AS  does  not  affect  the  rate  of  the  reaction.  It  only  affects  the  equilibrium 
concentrations. 

6.5 1.  In  order  to  determine  if  reactants  or  products  are  favored  at  high  temperature,  we 

must  consider  the  effect  of  temperature  on  the  sign  of  AG.  Recall  that  AG  has 
two  components:  (AH)  and  (-TAS).  The  reaction  is  exothermic,  so  the  first  term 
(AH)  has  a  negative  value,  which  contributes  to  a  negative  value  of  AG.  This 
favors  products.  At  low  temperature,  the  second  term  will  be  insignificant  and  the 
first  term  will  dominate.  Therefore,  the  process  will  be  therm od y n amicall y 
favorable,  and  the  reaction  will  favor  the  formation  of  products.  However,  at  high 
temperature,  the  second  term  becomes  more  significant.  In  this  case,  two  moles 
of  reactants  are  converted  into  one  mole  of  product.  Therefore,  AS  for  this 
process  is  negative,  which  means  that  (-TAS)  is  positive.  At  high  enough 
temperature,  the  second  term  (-TAS)  should  dominate  over  the  first  term  (AH), 
generating  a  positive  value  for  AG.  Therefore,  the  reaction  will  favor  reactants  at 
high  temperature. 

6.52.  Recall  that  AG  has  two  components:  (AH)  and  (-TAS).  We  must  analyze  each 

term  separately.  The  first  term  is  expected  to  have  a  negative  value,  because  three 
pi  bonds  are  being  converted  into  one  pi  bond  and  two  sigma  bonds.  A  sigrna 
bond  is  stronger  (lower  in  energy)  than  the  pi  component  of  a  double  bond  (see 
problems  6.2  and  6.20).  Therefore,  reaction  is  expected  to  release  energy  to  the 
environment,  which  means  the  reaction  should  be  exothermic.  In  other  words,  the 
first  term  (AH)  has  a  negative  value,  which  contributes  to  a  negative  value  of  AG. 
This  favors  products.  Now  let's  consider  the  second  term  (-TAS)  contributing  to 
AG.  In  this  case,  two  moles  of  reactants  are  converted  into  one  mole  of  product. 
Therefore,  AS  for  this  process  is  negative,  which  means  that  (-TAS)  is  positive. 
At  low  temperature,  the  second  term  will  be  insignificant  and  the  first  term  will 
dominate.  Therefore,  the  process  will  be  thermodynamically  favorable,  and  the 
reaction  will  favor  the  formation  of  products.  However,  at  high  temperature,  the 
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second  term  becomes  more  significant.  At  high  enough  temperature,  the  second 
term  (-TAS)  should  dominate  over  the  first  term  (AH),  generating  a  positive  value 
for  AG.  Therefore,  the  reaction  will  favor  reactants  at  high  temperature. 

6.53.  The  nitrogen  atom  of  an  ammonium  ion  is  positively  charged,  but  that  does  not 

render  it  electrophilic.  In  order  to  be  electrophilic,  it  must  have  an  empty  orbital 
that  can  be  attacked  by  a  nucleophile.  The  nitrogen  atom  in  this  case  does  not 
have  an  empty  orbital,  because  nitrogen  is  a  second  row  element  and  therefore 
only  has  four  orbitals  with  which  to  form  bonds.  All  four  orbital s  are  being  used 
for  bonding,  leaving  none  of  the  orbitals  vacant.  As  a  result,  the  nitrogen  atom  is 
not  electrophilic,  despite  the  fact  that  is  positively  charged. 
In  contrast,  an  i  mini  urn  ion  is  resonance  stabilized: 


H 


H 


R 


R 


An  imlntum  ion 


The  second  resonance  structure  exhibits  a  positive  charge  on  a  carbon  atom, 
which  serves  as  an  electrophilic  center  (a  carbocation  is  an  empty  p  orbital). 
Therefore,  an  iminium  ion  is  an  eiectrophile  and  is  subject  to  attack  by  a 
nucleophile: 


R 


6.54. 


CI 


c?1 


.0 
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Substitution  Reactions 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  7.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

*  Substitution  reactions  exchange  one  for  another. 

*  Evidence  for  the  concerted  mechanism,  called  Sn2,  includes  the  observation  of  a 

 -order  rate  equation.  The  reaction  proceeds  with  of 

configuration. 

•  Sn2  reactions  are  said  to  be  because  the  configuration  of  the 

product  is  determined  by  the  configuration  of  the  substrate. 

*  Evidence  for  the  stepwise  mechanism,  called  SN1,  includes  the  observation  of  a 
 -order  rate  equation. 

•  The  step  of  an  S\l  process  is  the  rate-determining  step. 

*  An  SnI  reaction  is  a  stepwise  process  with  a  first- order  rate  equation. 

•  There  are  four  factors  thai  impact  mc  competition  between  the  Sn2  mechanism 

and  SN1 :  1 )  the  ,  2)  the  T  3)  the   . 

 _,  and  4)  the  . 

•   solvents  favor  Sn2. 


Review  of  Skills 

Follow  the  instructions  below.  To  verify  that  your  answers  are  correct,  look  in  your 
textbook  at  the  end  of  Chapter  7.  The  answers  appear  in  the  section  entitled  Skill  Builder 
Review. 


SkillBuilder  7,1   Drawing  the  Curved  Arrows  of  a  Substitution  React  ion 


A  CONCERTED  MECHANISM 

DRAW  CURVED  ARROWS,  SHOWING  NUCLEOPHILIC 
ATTACK  ACCOMPANIED  BY  SIMULTANEOUS  LOSS  OF 
A  LEAVING  GROUP 


© 

'  :  }—LG 


A  STEPWISE  MECHANISM 

DRAW  A  CURVED  ARROW  SHOWING  THE  LOSS  OF  THE  LEAVING  GROUP 
TO  FORM  A  CARBOCATtON  INTERMEDIATE.  FOLLOWED  BY  ANOTHER 
CUHViM  AH.'iOW  ShOWWZ  THE  '•iu'CLEG  f'HILi C  ATTACK 


-  LG 


3 


LG 


G 
:Nuc 


._^)  Nuc 


S kil IB ui Ider  7.2  D raw  i ng  the  Produc I  of  an  SN 2  Process 


DRAW  THE  MAJOR  PRODUCT  OF  THE  FOLLOWING  REACTION 


Br 


OH 


Br 


o 
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SkiHBuiider  7.3  Drawing  Ihe  Transition  Slate  of  an  SN2  Process 


DRAW  THE  TRANSITION  STATE  OF  THE  FOLLOWING  REACT/ON 

f 

_  NaSH 

 + 

TRANSITION  STATE 

S kil IB ni Idf  r  7.4  D raw  ing  Ihe  Ca rl>oca tion  In  1  er  med iale  of  an  SN 1  Process 


DRA  W  THE  CARBOCA  TtON  THAT  WOULD  BE  FORMED  SF  A  CHLORIDE  SON  IS  EXPELLED 
FROM  THE  FO LLO rV.'iVdl  COMPOUND 


-CI 


CI 


SkiHBuiider  7.5  Drawing  the  Products  of  an  SN1  Process 


S  kil  IB  ui  Ide  r  7.6  D  raw  ing  the  Co  mplele  Mechanism  of  an  Ssl  Process 


IDENTIFY  THE  TWO  CORE  STEPS  AND  THREE  POSSIBLE  ADDITIONAL  STEPS  OF  AN  Sr,\  PROCESS 

TWO  CORE  STEPS 


THREE  POSS!dLE  Al-c:  ;>ONAL  STEPS 


SkiHBuiider  7.7  Draw  ing  the  Complete  Mechanism  of  an  Ss2  Process 


IDENTIFY  THE  ONE  CORE  STEP  (CONCERTED)  AND  TWO  POSSSE 

LE  ADDITIONAL  STEPS  OF  AN  S,^  PROCESS 

CORE  STEP 

K  1 

\ 

/ 

TWO  POSSIBLE  ADDITIONAL  STEPS 
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SkillBuilder  7,8  Determining  whether  a  Reaction  Proceeds  via  an  SN1  Mechanism  or  an  Sv2 
Mechanism 

FJLL  IN  THE  TABLE  BE  LOW,  SHOWING.  THE  FEATURES 
THAT  FA  VOR  Sfl2  OR  S„t  REACTIONS 


S«2 

SN1 

SUBSTRATE 

NUC 

LG 

SOLVENT 

SkillBuilder  7.9   Identifying  the  Reagents  Necessary  For  a  Substitution  Reaction 

IDENTIFY  THE  REAGENTS  NECESSARY  TO  ACHIEVE  THE  FOLLOWING  TRANSFORMATION 


Review  of  Reactions 

Follow  the  instructions  below.  To  verify  that  your  answers  are  correct,  look  in  your 
textbook  at  the  end  of  Chapter  7.  The  answers  appear  in  the  section  entitled  Review  of 
Reactions. 


SN2  H  °  u 

DRAW  THE  CURVED  ARROWS  THAT  SHOW  n,  INuC  P  Q 

THE  FLOW  OF  ELECTRON  DENSITY  DURING  ,,  _-)  LG    NuC" f-U  +  LG 

THE  FOL  LO  WING  S,^  RE  A  CTION  n  ^  ^n 


SN1  LG0 

DRAW  THE  CUR VED  A RRO WS  THAT  SHOW  \                        "  L ^ 

THE  FLOW  OF  ELECTRON  DENSITY  DURING  ^)  LG   ►  ^  NUC 

THE  FOLLOWING  8*1  REACTION 


Solutions 


7.1. 

a)  4-chloro  -  4-eth  y  lhept  an  e 

b )  1  -  bro  m  o  - 1  -  met  h  y  1  c  yc  lone  x  a  tie 

c )  4,4-dibromo-l-ch  loropen  tane 

d)  ( S)-5-fluoro-2 ,2-dimethy  Jhexane 


7.2. 
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7.5. 


7.6. 

a)  the  rate  of  the  reaction  is  tripled, 

b)  the  rate  of  the  reaction  is  doubled. 

c)  the  rate  of  the  reaction  will  be  six  times  faster. 


7.8. 


S  S 

The  reaction  does  proceed  with  inversion  of  configuration.  However,  the  Cahn-Ingold- 
Preiog  system  for  assigning  a  stereodescriptor  {R  or  S)  is  based  on  a  prioritization 
scheme.  Specifically,  the  four  groups  connected  to  a  chirality  center  are  ranked  (one 
through  four).  In  the  reactant  (above  left),  the  highest  priority  group  is  the  leaving  group 
(bromide)  which  is  ihen  replaced  by  a  group  that  does  not  receive  the  highest  priority.  In 
the  product,  the  fluorine  atom  has  been  promoted  to  the  highest  priority  as  a  result  of  the 
reaction,  and  as  such,  the  prioritization  scheme  has  changed.  In  this  way,  the 
stereodescriptor  (5)  remains  unchanged,  despite  the  fact  that  chirality  center  undergoes 
inversion. 
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7.9. 


Being  Being 
formed  broken 

This  step  is  favorable  (downhill  in  energy)  because  ring  strain  is  alleviated  when  the 
three -mem  be  red  ring  is  opened. 


7.12. 
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7.13.  a)  The  rate  of  the  reaction  will  be  doubled,  because  the  change  in  concentration 
of  sodium  chloride  will  not  affect  the  rate. 

b)  The  rate  of  the  reaction  will  remain  the  same,  because  the  change  in  concentration  of 
sodium  chloride  will  not  affect  the  rate. 


7.14,  Draw  the  carbocation  intermediate  generated  by  each  of  the  follow  ing  substrates  in 
an  S\  1  reaction: 


7.15. 


The  first  compound  will  generate  a  tertiary  carbocation,  while  the  second  compound  will 
generate  a  tertiary  benzylic  carbocation  that  is  resonance  stabilized.  The  second 
compound  leads  to  a  more  stable  carbocation,  so  that  compound  will  lose  its  leaving 
group  more  rapidly  than  the  first  compound. 

7.16 
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7.17. 


HS.  ^ 


Diastereomers 


7.18. 

a)  No     b)  Yes    c)  No     d)  Yes     e)  Yes    f)  No 


7.19. 

a)  No  b)  Yes  c)  Yes  d)  Yes  e)  No  f)  No 
g)No    h)Yes    i)No      j)No      k)  Yes    1)  No 


7.20. 

a)  No     b)  Yes    c)  Yes    d)  No     e)  No     f)  No 


7.21. 

a) 


H-I-Br 


H 

♦6© 


+  :Br:- 


Br 


b) 
H.. 


a-  —     ^  c% 

+  :Br: 


Br 


a- 


H^H 


H 


H:0:H 
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Problem  7.20c  and  7,20h  exhibit  the  same  pattern.  Both  problems  are  characterized  by 
three  mechanistic  steps:  1)  loss  of  a  leaving  group,  2)  nucleophilic  attack,  and  3)  proton 
transfer. 


7.23. 


The  chirality  center  at  C2  is  lost  when  the  leaving  group  leaves  to  form  a  carbocation 
with  trigonal  planar  geometry.  The  chirality  center  at  C3  is  lost  during  the  hydride  shift 
in  the  following  step.  Once  again,  the  chirality  center  is  converted  into  a  trigonal  planar 
sp2  hybridized  center  (which  is  no  longer  a  chirality  center). 
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MeOH 


OMe 


7.25. 


N  * 

h  H 


x:nh3 

H-NFWe   


A  % 

 ^H.  N  Me 

f  Me 


:nh, 


Me 


Jfe  £Me^\  Me  H  N:X  flMe-  \  J1 
N— Me    ♦  N  —    Me  N    Me    ia  ;N 


Me 


Me  'Me 


Me 


Me"  Me 


7.26. 

a)SNl  b)SN2  c)  Neither  d)  SN1 
e)  Both     f)  Neither     g)  Both 
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7.27. 

a)SNl      b)SN2     c)SN2     d)  Sn2     e)  Sn2 


7.28. 


TsO 


a) 


OMe 


TsO 


b) 


OMe 


NH2  F 


7.29. 

a)SNl  b)  SN2  c)  SN1  d)  Sn2 
e)SNl      f)SN2       g)Sx2  h)SNl 

730. 

Acetone  is  a  polar  aprotic  solvent  and  will  favor  SN2  by  raising  the  energy  of  the 
nucleophile,  giving  a  smaller  Ea. 


731. 


a) 


OMe 


MeOH 


Sh-1 


b) 


c) 


d) 


HMPA 


P^H  H  Br 


■  0"CI  ■ 


SN1 


Racemic 


NaCN  .....      ....  c  2 

DMF 
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H  SN1 


e)  Racemic 


0 


Br  NaCN    »         ^>-CN  3N2 

DMSO 


732. 

No.  Preparation  of  this  amine  via  the  Gabriel  sy  nthesis  would  require  the  use  of  a  tertiary 
alkyl  halide,  which  will  not  undergo  an  S\2  process. 


733. 


OH  v  Br 


(a)      ^     ^  NaOH  (b)  HBr 


Br  NaSH  |H 

(C)  HI  (d)  DMSO 

OH 

y  1)  TsCl,  s  i 


O  2)  NaBr,  DMSO 

m  i   o  (f) 


Br 


Br  \  OH 

(g)    /X^,  ^  (h)    A        h2q  , 


\OH         1)TsCI,  pyridine  \  CN 
0)                     2)  NaCN 

7.34. 

OH  1)  TsCI,  pyridine  SH 

2)  Nal,  DMSO 

fff>  3)  NaSH,  DMSO  (R). 
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735. 


Nuc 


736. 

a)  Systematic  Name  =  2-chloropropane 
Common  Name  =  iso  propyl  chloride 

b)  Systematic  Name  -  2 -bromo-2- methyl  propane 
Common  Name  =  ter/-butyl  bromide 

c)  Systematic  Name  =  1-iodopropane 
Common  Name  =  propyl  iodide 

d)  Systematic  Name  =  2-chlorobutane 
Common  Name  =  propyl  iodide 

d)  Systematic  Name  =  f/^-2-bromobutane 
Common  Name  =  (R)-sec-buty\  bromide 

e)  Systematic  Name  =  l-chloro-2,2-dimethylpropane 
Common  Name  =  neopentyl  chloride 

f)  Systematic  Name  =  chlorocyclohexane 
Common  Name  =  cyclohexyl  chloride 
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737. 


Increasing  reactivity  (SN2) 


738. 


CI 


XI 


a)  secondary  primary 


primary 
more  sterically 
b)  hindered 


X,-Br  J%^Bf 


primary 
less  sterically 
hindered 


CI 


CI. 


z\  secondary  tertiary 


d) 


better 
leaving  group 


739. 

No.  Preparation  of  this  compound  via  the  process  above  would  require  the  use  of  a 
tertiary  alkyl  halide,  which  will  not  undergo  an  SN2  process. 


7.40. 

a)  NaSH 

b)  sodium  hydroxide 

c)  methoxide  dissolved  in  DMSO 


7.41. 


/  ■% 

CI 


aj  tertiary  primary 


b)  Primary 


CI 


CI 


c) 


allylic 


d) 


Ox 


Br 


tertiary 


better 
leaving  group 
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7.42.    a)  The  rate  of  the  reaction  is  doubled, 
b)  The  rate  of  the  reaction  is  doubled. 


7.43.  a)  The  rate  of  the  reaction  is  doubled 

b)  The  rate  of  the  reaction  will  remain  the  same. 

7.44.  a)  aprotic 

b)  pro  tic 

c)  aprotic 

d)  pro  tic 

e)  protic 


7.45. 


a) 


H  Br 


b) 


NC,  H 


(ST  "® 


c)  The  reaction  is  an  SN2  process,  and  it  does  proceed  with  inversion  of  configuration. 
However,  the  prioritization  scheme  changes  when  bromide  (#1)  is  replaced  with  a  cyano 
group  (#2).  As  a  result,  the  Cahn-Ingold-Prelog  system  assigns  the  same  configuration  to 
the  reactant  and  the  product. 


7.47. 

Iodide  functions  as  a  nucleophile  and  attacks  (5)-2-iodopentane,  displacing  iodide  as  a 
leaving  group.  The  reaction  is  an  SN2  process,  and  therefore  proceeds  via  inversion  of 
configuration.  The  product  is  (/?)-2-iodopentane.  The  reaction  continues  until  a  racemic 
mixture  is  obtained. 
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7.48. 


The  chiraJity  center  is  lost  when  the  leaving  group  leaves  to  form  a  carbocation  with 
trigonal  planar  geometry.  The  nucleophile  can  then  attack  either  face  of  the  planar 
carbocation,  leading  to  a  racemic  mixture. 


7.49. 


L 


Reaction  coordinate 

7.50. 

 Increasing  stability 


7.51. 


secondary  tertiary  primary  secondary 
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7.52. 


7.54. 

a) 


2  Steps 


3  Steps 
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Although  the  substrate  is  primary,  it  is  still  sterically  hindered.  As  a  result,  SN2  reactions 
at  neopentyl  halides  do  not  occur  at  an  appreciable  rate. 
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7.58. 

a) 


Br 


H:°:H 


©??   * 

H 


OH 


b)  The  substrate  is  primary,  and  therefore,  the  reaction  must  proceed  via  an  Sn2  process. 
SN2  reactions  are  highly  sensitive  to  the  strength  of  the  nucJeophiJe,  and  the  nucleophile 
(water)  is  a  weak  nucleophile.  As  a  result,  the  reaction  occurs  slowly. 


OH       +  :Br; 


Hydroxide  is  a  strong  nucleophile,  which  favors  the  SN2  process. 


7.59. 


a)    ^  OTs 


NaOH 


"OH 


sOH 


b) 


1)  TsCI,  py 
 1 

2)  NaCN 


CN 


C)   ^  -OH 
C 


HBr 


MaSH 


Br 


SH 


L3r 


e) 


NaO 


0 

k 


o 
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7.60. 


b)  O 


d)  ^'"i  + 


©CN 


x  I 

y      +  h2o 

e)  ^  - 


7.61. 

SH  S^B  CN 

a)  b)  c) 

7.62. 

The  second  method  is  more  efficient  because  the  aJkyl  halide  (methyl  iodide)  is  not 
sterically  hindered.  The  first  method  is  not  efficient  because  it  employs  a  tertiary  alky  1 
halide,  and  SN2  reactions  do  not  occur  at  tertiary  substrates. 

7.63. 

/OH      DTsCI.  pyridine  .Br 

a)  U  2)NaBr  D 

b)  > 
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7.64. 


+  :Br: 


b) 


Rate  =  k  NaSH 


c)  The  rate  would  be  slower. 


d) 


Reaction  coordinate 


s- 

HS- 


Lt 


H  H 


S- 
-Br 


7.65. 

a)  SN1  (tertiary  substrate) 
^     O  H   — • 


b) 


H 


:Br: 


Br 


q) 


Rate  =  k  \-^QH 


d)  No.  The  rate  is  not  dependent  on  the  concentration  or  strength  of  the  nucleophile. 


e) 


Reaction  coordinate 
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7.68. 


b)  This  reaction  occurs  via  an  S\2  process.  As  such,  the  rate  of  the  reaction  is  highly 
sensitive  to  the  nature  of  the  substrate.  The  reaction  will  be  faster  in  this  case,  because 
the  methyl  ester  is  less  sterically  hindered  than  the  ethyl  ester. 

7.69. 

Xf*  —  eg;  —  o 


7.7ft. 


EtOH 


7.71. 

When  the  leaving  group  leaves,  the  carbocation  formed  is  resonance  stabilized: 


Resonance  stabilized 


7.72. 

Iodide  is  a  very  good  nucleophile  (because  it  is  polarizable),  and  it  is  also  a  very  good 
leaving  group  (because  it  can  stabilize  the  negative  charge  by  spreading  the  charge  over  a 
large  volume  of  space).  As  such,  iodide  will  function  as  a  nucleophile  to  displace  the 
chloride  ion.  Once  installed,  the  iodide  group  is  a  better  leaving  group  than  chloride, 
thereby  increasing  the  rate  of  the  reaction. 


Chapter  8 
Alkenes:  Structure  and 
Preparation  via  Elimination  Reactions 


Review  of  Concepts 

FiJ  I  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  8.  Each  of  the  sentences  below  appears  in  the  section  entitled  Review 
of  Concepts  and  Vocabulary. 

*  Alkene  stability  increases  with  increasing  degree  of  _. 

*  E2  reactions  are  said  to  be  rcgioselectivc,  because  the  more  substituted  alkene, 
called  the  product,  is  generally  the  major  product. 

*  When  both  the  substrate  and  the  base  are  sterically  hindered,  the  less  substituted 
alkene,  called  the  product,  is  the  major  product. 

*  E2  reactions  are  stcreospccific  because  they  generally  occur  via  the 
 conformation. 

*  Substituted  cyclohexanes  only  undergo  E2  reactions  from  the  chair  conformation 
in  which  the  leaving  group  and  the  proton  both  occupy  positions. 

*  E 1  reactions  exhibit  a  regiochemical  preference  for  the  product. 

*  E I  reac  tion  s  are  not  s  te  reo  specific,  but  they  are  stereo  . 

*  Strong  nucleophiles  are  compounds  that  contain  a  and/or  are 

*  Strong  bases  are  compounds  whose  conjugate  acids  are  >, 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  8.  The  answers  appear  in  the  section  entitled 
Skill  Builder  Review. 

8,1  Assembling  the  Systematic  Name  of  an  Alkene 


PROl/SDEA  SYSTEM  A  TtC  NAME  FOR  THE  FOLLOWING  COMPOUND 


2}  iDENUFYANO  .v*.'j£    -b u£nTS 

3}  ASSIGN  L OCA N TS  TO  EACH  SUBSTlTUENT 
4)  ALPHABETIZE 


8,2  Assigning  the  Configuration  of  a  double  bond 


ASSIGN  THE  CONFIGURATION 
OF  THE  DOUBLE  BOND  IN  THE 
FOLLOWING  COMPOUND 
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83  Comparing  the  Stability  of  Isomeric  Alkenes 


CIRCLE  THE  MOS  I  £  I  ABLE  ALKEfJE  BELOW 


x^Av^  >^J>^ 


8.4  Drawing  the  Curved  Arrows  or  an  Elimination  Reac  tion 


A  CONCERTED  MECHANISM 

DRAW  THREE  CURVED  ARROWS.  SHOWING  A 
PROTON  TRANSFER  ACCOMPANIED  BY 
SlMUL  TANEOUS  LOSS  OF  A  LEA  VlNG  GROUP 


e 

Base 


!:  — ^-lg 


LG 


.0 


A  STEPWISE  MECHANISM 

DRAW  A  CURVED  ARROW  SHOWING  THE  LOSS  OF  THE  LEA  VtNG  GROL 
TO  FORM  A  CAR30CA  TION  INTERMEDIATE.  FOLLOWED  BY  ANOTHER 
TWO  CURVED  ARROWS  SHOWING  A  PROTON  TRANSFER 


_J-LG 


-  LG 


8,5  Predicting  the  Regioehemical  Outcome  of  an  E2  Reaction 


DRAW  THE  EL IMSfJA TiOU  PRODUCTS  OBTAINED  WHEN  THE  COMPOUND  BELOW  1$  TREATED  WITH  A  STRONG  BASE. 

p       ^         Strong  Base 

+ 

2AJTSEV 

HOFMAHH 

8.6  Predicting  the  Stereochemical  Outcome  of  an  E2  Reaction 


PREDICT  THE  STEREOCHEMICAL  OUTCOME  OF  THE  FOLLOWING  REACTION.  AND  DRAW  THE  PRODUCT. 


Strorm  Ease 


8.7  Drawing  the  Products  of  an  E2  Reaction 


PREDICT  THE  MAJOR  AND  MINOR  PRODUCTS  OF  THE  FOLLOWING  REACTION. 

Br 

1  NaOEt 

.   

+ 

MAJOR 

MINOR 

S.8  Predicting  the  Regioehemical  Outcome  of  an  El  Reaction 
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8,9  Drawing  the  Complete  Mechanism  of  an  El  Reaction 


IDENTIFY  THE  TWO  CORE  STEPS  AND  TWO  POSSIBLE  ADDITIONAL  STEPS  OF  AN  E  ?  PROCESS 

TWO  CORE  STEPS 


TWO  POSSIBLE ADDITIONAL  STEPS 


8,10  Determining  the  Function  of  a  Reagent 


IDENTIFY  REAGENTS  THAT  FALL  INTO  BACK  Of-  !      »Oi>r>  CA  }tGCftiE&  BELOW: 


NUCLEOPHiLE  (ONLY) 


BASE 
(ONLY) 


STRONG  /  STRONG 
NUC  /  BASE 


WEAK  /  WEAK 
NUC  /  BASE 


8.11  Identify  ing  the  Expected  Meehanism(s) 


IDENTIFY  THE  MECHANISM(S}  THAT 
OPERATE  IN  EACH  OF  THE  CASES  BELOW: 

J    1*  |  

MINOR 

□ 

MAJOR 

STRONG  / STRONG  / 
NUC    /      BASE  \ 

-□• 

MAJOR 
ONLY 

MINOR 

8.12  Predicting  the  Products  of  Substitution  and  Elimination  Reactions 


FILL  IN  THE  BLANKS  BELOW: 


DETERMINE  THE  FUNCTION 
OF  THE  


ANALYZE  THE  

AND  DETERMINE  THE  EXPECTED 
MECHANISM(S>. 


CONSIDER  ANY  RELEVANT  REGlOCHEMlCAL  AND 
 REQUIREMENTS 
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Review  of  Synthetically  Useful  Elimination  Reactions 

Identify  reagents  that  will  achieve  each  of  the  transformations  below.  To  verify  that  your 
answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  8.  The  answers  appear  in 
the  section  entitled  Review  of  Synthetically  Useful  Elimination  Reactions. 


Solutions 


8.1. 


a)  23,5  -tri  meth  y  I  -2  -  hepte  ne 

b)  3-ethyl-2-methy!-2-heptene 

c)  3-isopropyl-2,4-dirnethyl-l-pentene 

d)  4-terf-butyM-heptene 


8.2, 


Y 


a) 


b) 


c) 


8.3.  2,3-dimethyibicyclo[2.2.l  ]hept-2-etie 
8.4. 


b) 


this  substituent  counts  twice 


c) 


d)  trisubstituted  e)  monosubstituted 
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8.5, 


b)        z  c)         z  d) 


8 .6.  When  using  cis -trans  terminology,  we  look  for  two  identical  groups.  In  this  case, 
there  are  two  ethyl  groups  that  are  in  the  trans  configuration: 


trans 


However,  when  using  E^Z  terminology,  we  look  for  the  highest  priority  at  each  vinylic 
position.  Chlorine  receives  a  higher  priority  than  ethyl,  so  in  this  case,  the  highest 
priority  groups  are  on  the  same  side  of  the  pi  bond: 


Below  are  two  other  examples  of  alkenes  that  have  the  trans  configuration,  but 
nevertheless  have  the  Z  configuration: 

Br 


8.7. 


a) 


increasing  stability 


di- 

substituted 


trl- 

substituted 


tetra- 
substituted 


b) 


increasing  stability 


mono- 
substituted 


di- 

substituted 


tri- 

substituted 


144  CHAPTERS 


8.8.    In  the  first  compound,  all  of  the  carbon  atoms  of  the  ring  are  $p  hybridized  and 
tetrahedral.  As  a  result,  they  are  supposed  to  have  bond  angles  of  approximately  109.5°, 
but  their  bond  angles  are  compressed  due  to  the  ring  (and  are  almost  90°).  In  other 
words,  the  compound  exhibits  angle  strain  characteristic  of  small  rings,  In  the  second 
compound,  two  of  the  carbon  atoms  are  sp2  hybridized  and  trigonal  planar.  As  a  result, 
they  are  supposed  to  have  bond  angles  of  approximately  120°,  but  their  bond  angles  are 
compressed  due  to  the  ring  (and  are  almost  90°).  The  resulting  angle  strain  (120°  ->  90°) 
is  greater  than  the  angle  strain  in  the  first  compound  (109.5°  ->  90°).  Therefore,  the 
second  compound  is  higher  in  energy,  despite  the  fact  that  it  has  a  more  highly 
substituted  double  bond. 

8.9. 


8.10. 


CHAPTER  8 


8.11.    This  mechanism  is  concerted: 


Eto: 


£OTs 


8.12. 


ft., 
Br; 


;Br: 


H 


8.13. 

a)  3x  faster 


b)  2x  faster  c)  6x  faster 


8.14. 


a) 


Increasing  reactivity  towards  E2 


Br 


primary 
substrate 


secondary 
substrate 


tertiary 
substrate 


b) 

increasing  reactivity  towards  E2 


primary  secondary  tertiary 

substrate  substrate  substrate 


8.15. 


major  minor 
(m  o  re  substituted)         (less  subs  tftu  ted) 
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\  0e 


+ 

major  minor 


(less  substituted)  (more  substituted) 

+ 

major  minor 

c)                                         f/nore  substituted}  (less  substituted} 


v  I 


.0 


ma/or  mi/w 
(less  substituted)         (more  substituted) 


NaOH 


e^        X  on  fy  product 

Br  J^O® 

 ^A^- 

/  o/)7y  product 


8.16. 


a)  The  more  substituted  alkene  is  desired,  so  hydroxide  should  be  used. 

b)  The  less  substituted  alkene  is  desired,  so  ftrf-butoxide  should  be  used. 


8.17. 

a) 

M 

Br 


.Br 


HO®  / 
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8.20.  The  leaving  group  in  men  thy  I  chloride  can  only  achieve  antiperiplanarity  with  one 
beta  proton,  so  only  one  elimination  product  is  observed.  In  contrast,  the  leaving  group 
in  neomenthyl  chloride  can  achieve  antiperiplanarity  with  two  beta  protons,  giving  rise  to 
two  possible  products: 


menthyf  chloride 


neomenthyl  chloride 

8.21.  Because  of  the  bulky  ter/- butyl  group,  the  first  compound  is  essentially  locked  in  a 
chair  conformation  in  which  the  chlorine  occupies  an  equatorial  position.  This 
conformation  cannot  undergo  an  E2  reaction  because  the  leaving  group  is  not 
antiperiplanar  to  a  proton.  However,  the  second  compound  is  locked  in  a  chair 
conformation  in  which  the  chlorine  occupies  an  axial  position.  This  conformation  rapidly 
undergoes  an  E2  reaction.  Therefore,  the  second  compound  is  expected  to  be  more 
reactive  towards  an  E2  process  than  the  first  compound. 


8.22. 


a) 


major 


Br 


NaOEt 


major 


minor 


NaOEt 


only  E2  product 
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"J  NaOEt 


major  minor 


Br  \ 


c^  major  minor 

fr  \  3 


0 


f)  onJy  £2  product 

8.23. 

X 

*Y^yb  RY^TR 

R      R  R  R 

all  R  groups  are  identical 

8.24. 

X 

strong  base 


8.25. 

X 

strong  base 


8.26. 

a)  Only  the  concentration  of  te r/-butyl  iodide  affects  the  rate,  so  the  rate  will  double. 

b)  Only  the  concentration  of  tert-buty\  iodide  affects  the  rate,  so  the  rate  will  remain 
the  same. 


8.27. 


a)  ^  b)  V  c)  d) 
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8.28. 


a)  W  b)  \X  c)  d) 


8.29. 

OH 


H2SO, 


heat 

aj  ma/or  m/rcor 

EtOH 

major  minor 

OH 

H2SQ4 
^  heat 

c) 

Br 


EtOH 


heat 


d) 


minor 


830.  Both  alcohols  below  can  be  used  to  form  the  product.  The  tertiary  alcohol  below 
will  react  more  rapidly  because  the  rate  determining  step  involves  formation  of  a  tertiary 
carbocation  rather  than  a  secondary  carbocation. 


aH2S04 
OH   \ 

^^--OH       H2SQ4  / 
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8.31. 


832. 

a)  No.  the  leaving  group  is  not  OH 

b)  Yes,  the  leaving  group  is  OH 

c)  No,  the  leaving  group  is  not  OH 

d)  Yes,  the  leaving  group  is  OH 

c)  No,  the  leaving  group  is  not  OH 
f)  No,  the  leaving  group  is  not  OH 


833. 

a)  No.  Loss  of  the  leaving  group  forms  a  tertiary  carbocation,  which  will  not 
rearrange. 

b)  Yes.  Loss  of  the  leaving  group  forms  a  secondary  carbocation,  which  can 
undergo  a  methyl  shift  to  form  a  more  stable  tertiary  carbocation. 

c)  Yes.  Loss  of  the  leaving  group  forms  a  secondary  carbocation,  which  can 
undergo  a  hydride  shift  to  form  a  more  stable  tertiary  carbocation. 

d)  No.  Loss  of  the  leaving  group  forms  a  secondary  carbocation,  which  cannot 
rearrange  in  this  case  to  form  a  tertiary  carbocation. 

e)  No.  Loss  of  the  leaving  group  forms  a  tertiary  carbocation,  which  will  not 
rearrange. 

f)  No.  Loss  of  the  leaving  group  forms  a  secondary  carbocation,  which  cannot 

rearrange  in  this  case  to  form  a  tertiary  carbocation. 
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835.    Problem  8.34b  and  8.34c  exhibit  the  same  pattern  because  both  have  leaving 
groups  that  can  leave  without  being  protonated,  and  both  do  not  exhibit  a  carbocation 
rearrangement.  As  a  result  both  mechanisms  involve  only  two  steps:  1 )  loss  of  a  leaving 
group  and  2)  proton  transfer. 


a) 


+  H+ 

■LG 

-H+ 

836.    The  first  method  is  more  efficient  because  it  employs  a  strong  base  to  promote  an 
E2  process  for  a  secondary  substrate  bearing  a  good  leaving  group.  The  second  method 
relies  on  an  El  process  occurring  at  a  secondary  substrate,  which  will  be  slow  and  will 
involve  a  carbocation  rearrangement  to  produce  a  different  product. 


837. 


838 
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839. 

a)  weak  nucleophile,  weak  base 

b)  strong  nucleophile,  weak  base 

c)  strong  nucleophile,  strong  base 

d)  strong  nucleophile,  weak  base 

e)  strong  nucleophile,  strong  base 

f)  weak  nucleophile,  weak  base 

g)  strong  nucleophile,  strong  base 

h)  weak  nucleophile,  strong  base 

8,40,    Aluminum  is  a  larger  atom  and  is  polarizable.  Therefore,  the  entire  complex  can 
function  as  a  strong  nucleophile,  and  can  serve  as  a  delivery  agent  of  a  hydride 
ion.  In  contrast,  the  hydride  ion  by  itself  is  not  polarizable  and  does  not  function 
as  a  nucleophile. 

8.41. 

a)  NaOH  is  a  strong  nucleophile  and  strong  base.  The  substrate  in  this  case  is 
primary.  Therefore,  we  expect  Sn2  (giving  the  major  product)  and  E2  (giving  the 
minor  product). 

b)  NaSH  is  a  strong  nucleophile  and  weak  base.  The  substrate  in  this  case  is 
primary.  Therefore,  we  expect  only  SN2. 

c)  When  a  primary  alkyl  halide  is  treated  with  /-BuOK,  the  predominant  pathway 
is  expected  to  be  E2. 

d)  DBN  is  a  weak  nucleophile  and  a  strong  base.  Therefore,  we  expect  only  E2. 

e)  NaOMe  is  a  strong  nucleophile  and  strong  base.  The  substrate  in  this  case  is 
primary.  Therefore,  we  expect  SN2  (giving  the  major  product)  and  E2  (giving  the 
minor  product). 


8.42. 

a)  NaOEt  is  a  strong  nucleophile  and  strong  base.  The  substrate  in  this  case  is 
secondary.  Therefore,  we  expect  E2  (giving  the  major  product)  and  SN2  (giving 
the  minor  product). 

b)  Nal  is  a  strong  nucleophile  and  w  eak  base.  DM  SO  is  a  polar  aprotic  solvent. 
The  substrate  is  secondary.  Under  these  conditions,  only  SN2  can  occur. 

c)  DBU  is  a  weak  nucleophile  and  a  strong  base.  Therefore,  we  expect  only  E2. 

d)  NaOH  is  a  strong  nucleophile  and  strong  base.  The  substrate  in  this  case  is 
secondary.  Therefore,  we  expect  E2  (giving  the  major  product)  and  Sn2  (giving 
the  minor  product). 

e)  /-BuOK  is  a  strong,  sterically  hindered  base.  Therefore,  we  expect  only  E2. 


8.43. 


a)  EtOH  is  a  weak  nucleophile  and  weak  base.  The  substrate  in  this  case  is 
tertiary.  Therefore,  we  expect  both  SnI  and  El. 


CHAPTERS  155 


b)  f-BuOK  is  a  strong,  sterically  hindered  base.  Therefore,  we  expect  only  E2. 

c)  Nal  is  a  strong  nucleophile  and  weak  base.  The  substrate  in  this  case  is  tertiary. 
Therefore,  we  expect  only  S^l, 

d)  NaOEt  is  a  strong  nucleophile  and  strong  base.  The  substrate  in  this  case  is 
tertiary.  Therefore,  we  expect  only  E2. 

e)  NaOH  is  a  strong  nucleophile  and  strong  base.  The  substrate  in  this  case  is 
tertiary.  Therefore,  we  expect  only  E2. 

8.44. 

a)  An  E2  reaction  does  not  readily  occur  because  the  base  is  weak. 

b)  An  E 1  reaction  does  not  readily  occur  because  the  substrate  is  primary. 

c)  Replacing  the  weak  base  (EtOH)  with  a  strong  base  (such  as  NaOEt)  would 
greatly  enhance  the  rate  of  an  E2  process. 

d)  Replacing  the  primary  substrate  with  a  tertiary  substrate  (such  as  1-chloro-L  1- 
di  methyl  butane)  would  greatly  enhance  the  rate  of  an  El  process. 

8.45.  The  substrate  is  tertiary,  so  SN2  cannot  occur  at  a  reasonable  rate.  There  are  no 
beta  protons,  so  E2  also  cannot  occur. 


8.46. 

a) 


major  minor 
major  minor 

d) 


(-BuOK 
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NaSH 
f  NaOH 

major  minor 


major  minor 


1  EtOH  I  *  0Et 


heat 

major  minor  minor 


o^-  cr 


err 


major  minor 
Br  NaOH 


OH 


m/nor  minor 


err  cr 

Br  NaOMe 


Crr 

cn 


.OMe 


minor  minor 
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I) 


/-yX^Br  NaOMe 


major 


minor 


OMe 


minor 


Br  NaOH 


major 


minor 


a 


Br  NaOH 


-  a  *  a  *  or 


major 


minor 


minor 


8.47.  There  are  only  two  constitutional  isomers  with  molecular  formula  C3H7CI: 

CI 


a  primary  a  secondary 

alkyl  halide  alkyi  hallde 

Sodium  methoxide  is  both  a  strong  nucleophile  and  a  strong  base.  When  compound  A  is 
treated  with  sodium  methoxide,  a  substitution  reaction  predominates.  Therefore, 
compound  A  must  be  the  primary  alkyl  chloride  above.  When  compound  B  is  treated 
with  sodium  methoxide,  an  elimination  reaction  predominates.  Therefore,  compound  B 
must  be  the  secondary  alkyl  chloride: 

CI 

Compound  A  Compound  B 
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8.48. 

a) 


b) 


CU 


CI 


) 

f 

8.49. 


C':K 


NaOEt 


8.50. 


a)  /ra/hs-3A5,5-tetramethyl-3-heptene 

b)  1-ethylcyclohexene 

c)  2-methylbicyclo[2.2.2]oct-2-ene 
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8.51. 


8.52,  Because  of  the  bulky  /err- butyl  group,  the  trans  isomer  is  essentially  locked  in  a 
chair  conformation  in  which  the  chlorine  occupies  an  equatorial  position.  This 
conformation  cannot  readily  undergo  an  E2  reaction  because  the  leaving  group  is  not 
antiperiplanar  to  a  proton.  However,  the  cis  isomer  is  locked  in  a  chair  conformation  in 
which  the  chlorine  occupies  an  axial  position.  This  conformation  rapidly  undergoes  an 
E2  reaction. 


8.53. 

Increasing  Stability 


(this  comound  is 
too  unstable  to  form 
because  ofBredt's  rute) 


8.54 


^      tertiary  primary 


secondary  secondary 


8,55, 


a)  NaOH,  because  hydroxide  bears  a  negative  charge. 

b)  sodium  ethoxide,  because  ethoxide  bears  a  negative  charge. 

c)  trimethylarnine,  because  of  the  electron  donating  effects  of  the  alkyl  groups. 


8.56. 


Me 


Me 


Mo 


-J^,  H      strong  base 
Ph  Ph 
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8.57. 

a)  The  rate  of  an  E2  process  is  dependent  on  the  concentrations  of  the  substrate 
and  the  base.  Therefore,  the  rate  will  be  doubled  if  the  concentration  of  tert- 
butyl  bromide  is  doubled. 

b)  The  rate  of  an  E2  process  is  dependent  on  the  concentrations  of  the  substrate 
and  the  base.  Therefore,  the  rate  will  be  doubled  if  the  concentration  of 
sodium  ethoxide  is  doubled. 

8.58. 

a)  The  rate  of  an  El  process  is  dependent  only  on  the  concentration  of  the 
substrate  (not  the  base).  Therefore,  the  rate  will  be  doubled  if  the 
concentration  of  tert- butyl  bromide  is  doubled. 

b)  The  rate  of  an  El  process  is  dependent  only  on  the  concentration  of  the 
substrate  (not  the  base).  Therefore,  the  rate  will  remain  the  same  if  the 
concentration  of  ethanoi  is  doubled. 

8.59. 

Increasing  Stability 


major  product 


8.60.  There  are  only  two  beta  protons  to  abstract:  one  at  C2  and  the  other  at  C4. 
Abstraction  of  either  proton  leads  to  the  same  product 


8.61. 


a) 


b) 


Br  major 
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8.62. 


major 


8.64,  The  reagent  is  a  strong  nucleophile  and  a  strong  base,  so  we  expect  a  bimolecular 
reaction.  The  substrate  is  tertiary  so  only  E2  can  operate  (S\2  is  too  sterically  hindered  to 
occur).  There  is  only  one  possible  regioehemical  outcome  for  the  E2  process,  because 
the  other  beta  positions  lack  protons. 

8.65. 

vx        vx  vx 
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8.66. 

a)  one 

b)  three 

c)  two 

d)  two 

e)  five 


8.67. 

a) 


b) 


C) 


8.68. 

a) 


b)  This  is  an  E 1  process,  so  the  rate  is  dependent  only  on  the  substrate: 
Rate  =  k[  substrate] 
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8.69,  The  primary  substrate  will  not  undergo  an  EI  reaction  because  primary 
carbocations  are  too  high  in  energy  to  form  readily. 


x 


a)  secondary  ^)  fefti&f  c)  PrlmarY  d)  seconda/,y 


8.70. 


5- 

HO- 


H 

i----c-H 

V- 

H3G-V 


5- 
-Br 


8.7 1,  The  first  compound  produces  a  tri substituted  alkene,  while  the  second  compound 
produces  a  monosubstituted  alkene.  As  such,  the  transition  state  for  the  reaction 
of  the  first  compound  will  be  lower  in  energy  than  the  transition  state  for  the 
reaction  of  the  second  compound. 


8.72.  The  first  reaction  is  very  slow,  because  the  ftrf-butyl  group  effectively  locks  the 
ring  in  a  chair  conformation  in  which  the  leaving  group  (Br)  occupies  an 
equatorial  position.  In  this  conformation,  the  leaving  group  cannot  be 
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an  ti  peri  planar  to  a  beta  proton.  So  the  reaction  can  only  occur  from  the  other 
chair  conformation,  which  the  compound  does  not  readily  adopt.  The  second 
reaction  is  very  rapid,  because  the  tetf-binyl  group  effectively  locks  the  ring  in  a 
chair  conformation  in  which  the  leaving  group  (Br)  occupies  an  axial  position,  In 
this  conformation,  the  leaving  group  is  antiperi planar  to  a  beta  proton.  The  third 
reaction  does  not  occur  at  all  because  there  are  no  beta  protons  that  are 
antiperiplanar  to  the  leaving  group  (on  a  cyclohexane  ring,  there  must  be  at  least 
one  beta  proton  that  is  trans  to  the  leav  ing  group  in  order  to  be  able  to  adopt  an 
antiperiplanar  conformation). 


8.73,  Pi  bonds  cannot  be  formed  at  the  bridgehead  of  a  bicydic  compound,  unless  one  of 
the  rings  is  large  (at  least  eight  carbon  atoms).  This  rule  is  known  as  Bredt's  rule. 

8.74. 

a)  The  first  compound  will  react  more  rapidly  because  it  is  tertiary 

b)  The  second  compound  will  react  more  rapidly  in  an  E2  reaction  because  the 
first  compound  does  not  have  any  beta  protons  (and  therefore  cannot  undergo  E2 
at  all). 

8.75. 

a)  The  Zaitsev  product  is  desired,  so  sodium  hydroxide  should  be  used. 

b)  The  Hofmann  product  is  desired,  so  potassium  terf -butoxide  should  be  used. 

c)  The  Zaitsev  product  is  desired,  so  sodium  hydroxide  should  be  used. 

d)  The  Hofmann  product  is  desired,  so  potassium  terr-butoxide  should  be  used. 

8.76.  There  is  only  one  beta  proton  that  can  be  abstracted  so  as  to  form  the  Zaitsev 
product.  This  proton  is  cis  to  the  leaving  group,  and  therefore,  it  cannot  be 
antiperiplanar  to  the  leaving  group  (not  in  either  chair  conformation).  As  a  result, 
only  the  Hofmann  product  can  be  formed. 


8.77. 

a) 
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NaOH 


b) 


major 


minor 


!  H2S04 


heat 

£j  major  minor  minor 

I  NaCI  | 

d)  ^S^^TS        DM  SO 


Br 


A/ 


NaOEt 


ma/or 


minor 


minor 


oa 


minor 
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observer 


Ph 

H  *>k^Br    rotate  C-C  bono 
Ph 


NaOEt 


t  H^Br 

H  'Y  Ph 
Ph 


NaOEt 


tra  n  s-stl  I  bene  c  is-  stilbene 

(major  product) 

b)  There  are  still  two  beta  protons  that  can  be  abstracted  in  a  beta  elimination,  and 
both  products  are  still  possible.  The  reaction  will  still  proceed  via  the 
conformation  with  the  least  steric  hinderance.  That  conformation  will  lead  to  the 
f  o  r  m  at  i  o  n  o  f  t  rcu  ?  a  -  st  i  I  be  n  e . 


8.84. 
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8.86,  The  stereoisomer  shown  below  does  not  readily  undergo  E2  elimination  because 
none  of  the  chlorine  atoms  can  be  antiperi planar  to  a  beta  proton  in  a  chair  conformation. 
Recall  that  for  substituted  cyclohexanes,  the  leaving  group  must  be  trans  to  a  beta  proton 
in  order  to  achieve  antiperiplanarity.  In  the  isomer  below,  none  of  the  chlorine  atoms  are 
trans  to  a  beta  proton. 


Cl^S^CI 

ci 


8.87.  The  first  compound  is  a  tertiary  substrate.  The  second  compound  is  a  tertiary 
ally  lie  substrate.  The  latter  will  undergo  El  more  rapidly  because  a  tertiary  allylic 
carbocation  is  more  highly  stabilized  than  a  tertiary  carbocation.  The  rate -determining 
step  (loss  of  the  leaving  group)  will  therefore  occur  more  rapidly  for  the  second 
compound. 


Chapter  9 
Addition  Reactions  of  Alkenes 

Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  9.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

*  Addition  reactions  are  thermodynamic  ally  favorable  at  temperature  and 

disfavored  at  temperature. 

•  H yd rohaloge nation  reactions  are  rcgiosclcctivc,  because  the  halogen  is  generally 
placed  at  the  substituted  position,  called  addition. 

*  In  the  presence  of  ,  addition  of  HBr  proceeds  via  an  atiii- 

Markovnikov  addition. 

•  The  regioselectivity  of  an  ionic  addition  reaction  is  determined  by  the  preference 
for  the  reaction  to  proceed  through  r 

•  Ac  id- catalyzed  hydration  is  inefficient  when  

are  possible.  Dilute  acid  favors  formation  of  the  and  while 

concentrated  acid  favors  the  , 

*  Oxymcrcuration-dcmcrcuration  achieves  hydration  of  an  alkene  without 


•   -  can  be  used  to  achieve  an  anti- M arko v n i ko v 

addition  of  water  across  an  alkene.  The  reaction  is  stereospecific  and  proceeds 
via  a  addition. 

•  Asymmetric  hydrogcnation  can  be  achieved  with  a  catalyst. 

•  Bromi  nation  proceeds  through  a  bridged  intermediate,  called  a 

 ,  which  is  opened  by  an  SN2  process  that  produces  an 

 addition. 

•  A  two-step  procedure  for  anti  dihydroxylation  involves  conversion  of  an  alkene  to 
an  ,  followed  by  acid-catalyzed  ring  opening. 

•  Ozonolysis  can  be  used  to  cleave  a  double  bond  and  produce  two  groups. 

•  The  position  of  a  leaving  group  can  be  changed  via  followed  by 


•    The  position  of  a  K  bond  can  be  changed  via  followed  by 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  9.  The  answers  appear  in  the  section  entitled 
SkillBuilder  Review. 

9.1   Drawing  a  Mechanism  for  Hydrohalogenation 


STEP  I  -  DRAW  TWO  CURVED  ARROWS 
PROTOHA  TION  OF  THE  ALKENE,  AND  D 
CARBOCATION  THAT  IS  FORMED. 

SHOWING 
RAW  THE 

r 

STEP  2  -  DRAW  ONE  CURVED  ARROW  T 
HALIDE  ION  ATTACKING  THE  CARBOCA1 
THE  PRODUCT. 

..e 

+  :x:   ► 

HAT  SHOWS  THE 
r/ON,  AND  DRAW 
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9.2  Drawing  a  Mechanism  for  Hydrohalogenation  with  a  Carbocalion  Rearrangement 


STEP  1  -  DRAW  TWO  CU*  ifEU  Aittti 
SHOWING  PROTONATlON  OF  THE 
ALHENEAND  DRAW  THE  CARBOCATION 
THAT  IS  SHITIALL  Y  FORMED. 


H — CI' 


STEP  i- DRAW  ONE  CURVED  ARROW 
SHOWING  A  CARBOCATIOti 
REARRANGEMENT  AND  DRAW  THE 
RESULTING,  MORE  STABLE  CARBOCATION. 


STEP  3  -  DRA  IV         CURVED  ARROW 
SHOWING  THEHALlDEION 
ATTACKING  THE  CARBOCA TlON,  AND 
DRAW  THE  PRODUCT. 

--0   h 


93  Drawing  a  Mechanism  for  an  Acid- Catalyzed  Hydration 


STEP  1  -  DRAW  TWO  CURVED  ARROWS 
SHOWING  PRO TONA TiON  OF  THE 
ALKENE,  Am  DRAW  THE  RESULTING 
CARBOCATION.  ^ 

H-d© 

H 


STEP  2  -  DRAW  ONE  CURVED  ARROW 
SHOWING  WATER  ATTACKING  THE 
CARBOCA  TION.  AND  DRAW  THE 
RESULTING  OXONIUM  ION 


H  H 


STEP  3  -  DRAW  TWO  CURVED  ARROWS 
SHOWING  DEPROTONA TION  OF  THE 
OXONIUM  tON.  AND  DRAW  THE 
RESULTING  PRODUCT. 


H  H 


9.4  Predieli  n  g  t  he  Produc  Is  of  Hydroborat  ion  -O  x  ida  tion 


DRAW  THE  EXPECTED  PRODUCTS  OF  THE  FOLLOWING  REACTtON.  AND  DETERMINE  THEIR  RELATIONSHIP 

 y        Jt           1)  BH3 *THF 

/  2)H202:NaOH* 

+ 

RELA  TIONSHIP 

9.5    P  redic  ti  n  g  t  he  Prod  uels  of  Ca  I  aly  tie  H  y  drogenat  ion 


9.6  Predieling  the  Products  of  Halohydrin  Formation 
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9.7  Dra w ing  the  Prod uets  of  And  Dih y dro x y la  1 J un 


DRAW  THE  EXPECTED  PRODUCTS  OF  THE  FOLLOWING  REACTION.  AND  DETERMINE  THEiR  RELATIONSHIP 

V           H  11MCPBA 
\  /  —  

_J=%  W 

RELATIONSHIP 

I  the  Products  of  Ozonolysis 


DRAW  THE  EXPECTED  PRODUCTS  OF  THE 
FOLIO  WING  RE  A  CTION. 


CM 


1)Q3 


2)  DMS 


9.9  Predicting  the  Products  of  an  Addition  Reaction 


DRAW  THE  EXPECTED  PRODUCTS  OF  THE 
FOLLOWING  REACTION. 


1)  BH3*THF 

2)  H202>  NaOH* 


9.10  Proposing  a  One-Step  Synthesis 


9.11   Changing  the  Posi  tion  of  a  Lea vi  ng  G  ro  u  p 


9.12   (  lianpuy  the  Position  of  a  n  Bund 


(J 


2) 
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Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  9.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 


— o<.b'  d,a—  dr 


Br 


cro~  OX) 
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9A 


9.5.  In  this  case,  the  less-substituted  carbocation  is  more  stable  because  it  is  resonance- 
stabilized: 


•J0] 
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9.9. 


Methyl 
Shift  ' 


This  rearrangement  converts  a 
secondary  carbocation  into  a  more 
stable  tertiary  carbocation. 


Hydride  Shift 

This  rearrangement  converts 
a  tertiary  carbocation  into  a 
more  stable,  resonance- 
stabilized,  tertiary 
carbocation, 


9.10. 


a)  — '      ,  because  the  reaction  proceeds  via  a  tertiary  carbocation,  rather  than  a 
secondary  carbocation. 

b)  2-methyl-2-butene,  because  the  reaction  proceeds  via  a  tertiary  carbocation,  rather 
than  a  secondary  carbocation. 


9.11. 

a)  To  favor  the  alcohol,  dilute  sulfuric  acid  (mostly  water)  is  used,  Having  a  high 
concentration  of  water  favors  the  alcohol  according  to  Le  Chatelier's  principle, 

b)  To  favor  the  alkene,  concentrated  sulfuric  acid  (which  has  very  little  water)  is  used. 
Having  a  low  concentration  of  water  favors  the  alkene  according  to  Le  Chatelier's 
principle. 
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9.13, 


r 


H-O-S-O-H 


hf°:Me 


Me 


:OMe 


9.14. 
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c) 

,  1)Hg(QAc)2,  H2Q^  OH 

H*0+ 


9.16. 

1)  Hg(QAc}2,  EtOH 

2)  NaBH4 

a)  OEt 


1)  Hg(OAc)2,  EtNH2 

2)  NaBH4 


N 

b)  H'  vEt 


9.17. 


1)  BH3*THF 


a)  '     ^  2)H202,NaOH 


OH 


h)    VJ  2)  H202,  NaOH  V_J 

1)BH3»THF 
c)  "        2)  H202>  NaOH* 

9.18. 

1 )  BH^THF 


2)  H2021  NaOH 


vOH 


9.19. 

r—Y^     1)  BH3*THF  /'^f* 
U        2)  H202l  NaOH  V^-S--.. 
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1}  BH3-THF 
 * 

2)  H202lNaOH 


OH 


+  En 


1)  BH3>THF 

2)  Hg02lNaOH 


d) 


1)  BH3*THF 
 * 

2)  H2021  NaOH 


HQ 


+  En 


e) 


1)  bh3.thf 

2)  H202l  NaOH 


1 )  BH3 'THF 

2)  H202,  NaOH 


+  En 


9.21.  Only  one  chirality  center  is  formed,  so  both  possible  stereoisomers  (enantiomers) 
are  obtained,  regardless  of  the  configuration  of  the  starting  alkene: 


1}BH3-THF 

2)H202lNaOH  \^ 

Jf;  OH 


1)  BH3*THF 

2)  H202,  NaOH 


OH 


9.22. 


CHAPTER  9 
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9.29.  The  bromonium  ion  can  open  (before  a  bromide  ion  attacks),  forming  a  resonance 
stabilized  carbocation.  This  carbocation  is  trigonal  planar  and  can  be  attacked  from 
either  side: 


9.32. 

a) 


MCPBA  O  H3CT  HOIIOH 


n 

no  chiraltty  centers 
MCPBA  0  H30+   ,  OH 


no  chiraltty  centers 
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MCPBA 


O 

Et  H 


+  En 


H,0+ 


HO  Et 

Hvr~r*H 

Et  OH 


meso 


933. 

OH 

Os04  (catalytic)  1 
a)  oh 

OH 

r^ji     KMn04,  IMaOH 
c)  (meso) 


OH 
OH 


OH 

aKMn04l  NaOH  r,---""--J^x 
C  OH 


OH 

QS04  (catalytic)  ^      ^JL.OH     +  En 


J)— OOH  ,  NaOH 


\  PH 

OSQ4  (catalytic) 
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937. 


KMn04  .  NaOH 


cold 


vcx0H 


'OH 


Diastereomers 


_J 


938.  The  products  are  the  same 

HO 


cold 


(2R.3R) 


+  En 


1)  MGPBA 

2)  H30+ 


939. 


HO  pH 


(2Rf3R) 


D03 


^H         2)  DMS 
Compounds  E  +  F  Compound  A 


HBr 


1)  BH3'THF 

2)  H2Q2l  NaOH 


j 


Br 


Compound  D 


K..  *  > 


OH 


Compounds  B  + 


9.40. 


a) 


1)  BH3«THF 

2)  H202:  NaOH 


OH 


+  En 


Br 


b) 


f-BuOK 


c) 


HBr 
ROOR 


Br 
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HCI 


1)BH3*THF 


f)   \  f      2)  H202,  NaOH 

Br    I  Na0Et 

Br 

T^'""-  HBr 

ID 


En 


9.41. 


HBf  Br 


a)  /      \  ROOR 


\  HBr   »      Br-4  , 

b)  M 

KMnQ4 ,  NaQH      HO  OH 

c)  ^         WW  /\ 

_  1)MCPBA  H0*  PH 

d)  ^A  2)H30+  *  r\  +En 


9.42. 

CI 


1)NaOMe 
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OH 


1)  TsC\,  py 

2)  t-BuOK 

3)  BH3'THF* 

4)  H2Q2l  NaOH 


HO 


C) 


2)  BH3>THF*" 

3)  H2Q2,  NaOH 


HO 


d) 


OH 


1 )  cone.  H2SO^ 

2)  BH3-THF  * 

3)  H202>  NaOH 


9.43. 


Br  i)NaOMe 


b) 


Br 


X 

a)  2)  HBr,  ROOR 


1)  NaOMe 


2)  HBr.  ROOR 


,Br 


1)  NaOMe 

2)  HBr 

 Br 

3)  f-BuOK 

4)  HBr,  ROOR 


9.45. 
a) 

f^f-  1)HBr 

K^J        2)  NaOMe  *  k_JJ 

m 

1)  HBr  

2)  /-BuOK  \ 


9.44. 


1 )  HBr 

2)  NaOMe 
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9.46. 


9.47. 


1)  HBr,  ROOR 


R)  /     \      2)  t-BuOK  /  % 

1)  HBr 


2)  NaOMe 


1 )  HBr  1)  HBr 

2)  NaOMe  S\     2)  NaOMe 


3)  HBr;  ROOR  "  3)  HBr;  ROOR 

a)  4)  f-BuOK  b)  4)  f-BuOK 


9.48.  A  reaction  is  only  favorable  if  AG  is  negative.  Recall  that  AG  has  two 
components:  (AH)  and  (-TAS).  The  first  term  (AH)  is  positive  for  this  reaction  (two 
sigma  bonds  are  converted  into  one  sigma  bond  and  one  pi  bond).  The  second  term  (- 
TAS)  is  negative  because  AS  is  positive  (one  molecule  is  converted  into  two  molecules). 
Therefore,  the  reaction  is  only  favorable  if  the  second  term  is  greater  in  magnitude  than 
the  first  term.  This  only  occurs  at  high  temperature. 


9.49. 
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9.5ft. 
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9.54. 

V0H      1)Conc.  H2S04 

2)  HSr,  ROOR 

3)  f-BuOK 


9 .55 .  T  wo  di  f fere  tit  a  1  ke  aes  will  produce  2,4-di  met  h  y  J  pe  n  tan  e  upon  h  yd  roge  n  at  i  on : 


9.56. 

1)  MCPBA 


2)  H30+ 
Compound  A 


9.57. 

a) 


1)  Cone  HgSQ4 

/ 2)  dilute  H2S04  \ 

OH 

.OH  ^ 

\l)  Cone.  H2SQ4  / 

2)  BH3*THF 

3)  H202>  NaOH 
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b) 

1)  NaOMe 
/  2)  HBr,  ROOR  \ 


\1)  NaOMe  / 

2}  HBr 


c) 

CL  s 


1)  NaOMe 

2)  H2>  Pt 


d) 

OH  OH 

^OH 


0 


1)  Conc.  H2SQ4 

2)  Os04l  NMO 


9.58. 


1)  HBr,  ROOR  Jv 
a)   \_/       2)  f-BuOK 


b) 


OH      l)Conc.  H2SQ4  ^  /^OH 
2)  dilute  H2S04  v^J 


9.59. 

^— Ay^^  NaOMe  ^ 


Compound  A  Compound  8  Compound  C 
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9.60. 


1)  BH3  «THF 

2)  H2021  NaOH 


En 


9.61. 


excess  H2 


Ycr<  Ycr 
x — ^ — ; 


Diastereomers 


9.62.  Markovnikov  addition  of  water  without  carbocation  rearrangements  can  be 
achieved  via  o  x  y  mere  urat  io  n  -  demerc  u  rati  on : 


1)  Hg{OAc)2,  H20 

2)  NaBH4 


OH 


racemic 


9.63. 


~^HL0-S-0-H  |_|       r,*  . 

-/"-  —   -i:  - 


Ve 


:OH  /    H"  "Me 


Me-0> 

®  Vu 


Mco; 
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CHAPTER  9  197 


9.66. 

a)  H y dro bora ti o n -ox i d at i o n  gives  an  an ti -M arko v n i ko v  addition.  If  1-propene  is  the 
starting  material,  the  OH  group  will  not  be  installed  in  the  correct  location.  Acid- 
catalyzed  hydration  of  1-propene  would  give  the  desired  product. 

b)  H  y  drobo  ration  -oxidation  gives  a  syn  addition  of  H  and  OH  across  a  double  bond.  This 
compound  does  not  have  a  proton  that  is  cis  to  the  OH  group,  and  therefore, 
hydroboration-oxidation  cannot  be  used  to  make  this  compound. 

c)  Hydroboration-oxidation  gives  an  anti-Markovnikov  addition.  There  is  no  starting 
alkene  that  would  yield  the  desired  product  via  an  anti-Markovnikov  addition. 


9.69,  The  reaction  proceeds  via  a  re  so  nance- stabilized  carbocation,  which  is  even  lower 
in  energy  than  a  tertiary  carbocation: 


resonances  tabitized 
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9.7G. 


CHAPTER  9  199 


9.71. 


9.72.  Addition  of  HBr  to  2-methyi-2-pentene  should  be  more  rapid  because  the  reaction 
can  proceed  via  a  tertiary  carbocation.  In  contrast,  addition  of  HBr  to  4- methyl- 1- 
pentene  proceeds  via  a  less  stable,  secondary  carbocation. 


9.73. 


H2S 


HS  # 


+  En 


9.74. 


1)  NaOMe 

2)  HBr  > 

3)  NaOMe 

4)  BH3.THF 

5)  H202,  NaOH 


^0H 

O  


+  En 
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9.75. 

I       I  Hs  I       I         DBH3.THF  I  I 

pi        /A     2)H202,NaOH  >-^\^OH 

Compound  X  2,4-dlmethylpentan-1-ol 

HjO* 

V 


9.76. 


9.77. 


Compound  Y 
C7H12 

o 


9.78. 


H 


202 
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Chapter  10 
Alkynes 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  10.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary, 

•  A  triple  bond  is  comprised  of  three  separate  bonds:  one  bond  and  two  

bonds. 

•  Alkynes  exhibit  geometry  and  can  function  either  as  bases  or  as 

•  Monosubstituted  alkynes  are  terminal  alkynes,  while  disubstituted  alkynes  are 
 alkynes. 

•  Catalytic  hydrogenation  of  an  alkyne  yields  an  . 

•  A  dissolving  metal  reduction  will  convert  an  alkyne  into  a  alkene. 

•  Acid-catalyzed  hydration  of  alkynes  is  catalyzed  by  mercuric  sulfate  to  produce 
an   that  cannot  be  isolated  because  it  is  rapidly  converted  into  a  ketone. 

•  Enols  and  ketones  are  ,  which  are  constitutional  isomers  thai 

rapidly  interconvert  via  the  migration  of  a  proton. 

•  When  treated  with  ozone,  followed  by  water,  internal  alkynes  undergo  oxidative 
cleavage  to  produce  * 

•  Alkynide  ions  undergo  when  treated  with  an  alkyl  halide 

(methyl  or  primary). 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  10.  The  answers  appear  in  the  section  entitled 
SkillBuilder  Review, 

1 0 A   A  ssem  h  Li  ng  1  he  Systematic  Na  me  of  an  A 1  ky  lie 

PROVIDE  A  SYSTEMATIC  NAME  FOR  THE  FOLLOWING  COMPOUND 

T )  IDEN  T)FY  THE  PARENT  ,  ^ 

S)  ID  EN  T!F  V  AND  NA  ME  SUSS  T}  WENTS  ^_  |j 

S)  ASSIGN  LOCANTS  TO  EACH  SUBSTtTUEN  T  J 
d.i  ALPHABETIZE 


10.2  Predicting  the  Position  or  Equilibrium  for  the  De  proton  at  ion  of  a  Terminal  Alkyne 


CIRCLE  THE  SIQL 

OF  THE  EQUILIBRIUM  THAT  J, 

S  FAVORED  IN  THE  FOLLOWING  ACiD-BASE  REACTION 

R-C=C 

0.. 

-H         +  10H 

-                    r-cec:°  + 

H20 

204 
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10,3  Dra  wing  the  Mechanism  of  Acid-Catalyzed  Keto-Enoi  Taotomerl/ation 


DRAW  TWO  CURVED  ARROWS  SHOWING 
PROTONATiON  OF  THE  IfeOND 


6 


H  0® 

v. 


DRAW  THE  RESONANCE  STRUCTURES 
OF  THE  SfJ  TERMED  tA  IE 


DRAW  TWO  CURVED  ARROWS  SHOWING 
DEPRO  TONA  TlON  TO  FORM  THE  KETONE 


H'0;H 


10,4  Choosing  Ihe  Appropriate  Reagents  For  the  Hydration  of  an  Alkyne 


10.5  Alkylating  Terminal  Alkynes 


10.6  I ntereon verting  Alkanes,  Alkenes,  and  Alkyne 


IDENTIFY  REAGENTS  THAT  WILL  ACHIEVE  THE  FOLlGWWG  TRA\SFOn^Ai:Or>S: 
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Solutions 
10,1, 

a)  3-hexyne 

b)  2 -methyl- 3-hexyne 

c)  3-octyne 

d)  3,3-dimethyl- 1  -butyne 
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10.2. 


a)  b)  / 


10.3. 


10.4. 


f-fiexyne  3-methyi-1-pentyne         4-methyf- 1  -pentyne  3,3-dimethyf-1-biiiyne 


10.5. 

a)  Yes,  NaNIrb  is  strong  enough  of  a  base  to  deprotonate  a  terminal  alkyne. 

b)  No,  NaOEt  is  not  strong  enough  of  a  base  to  deprotonate  a  terminal  alkyne. 

c)  No,  NaOH  is  not  strong  enough  of  a  base  to  deprotonate  a  terminal  alkyne. 
dj  Yes,  BuLi  is  strong  enough  of  a  base  to  deprotonate  a  terminal  alkyne. 

e)  Yes,  NaH  is  strong  enough  of  a  base  to  deprotonate  a  terminal  alkyne. 

f)  No,  f-BuOK  is  not  strong  enough  of  a  base  to  deprotonate  a  terminal  alkyne. 


10.6. 

a)  In  the  conjugate  base  of  methyl  amine  (CH3NH2),  the  negative  charge  is  associated 
with  an  sp  hybridized  nitrogen  atom.  In  the  conjugate  base  of  HCN,  the  negative  charge 
is  associated  with  an  sp  hybridized  carbon  atom.  The  latter  is  more  stable,  because  the 
charge  is  closer  to  the  positively  charged  nucleus.  As  a  result,  HCN  is  a  stronger  acid 
than  methyl  amine. 

b)  The  p/G  of  HCN  is  lower  than  the  pKa  of  a  terminal  alkyne.  Therefore,  cyanide  cannot 
be  used  as  a  base  to  deprotonate  a  terminal  alkyne,  as  it  would  involve  the  formation  of  a 
stronger  acid. 

e  © 

R-CEC-H        +       NaCN  ^    R-CEC:    Na        +  HCN 

stronger  acid 
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10.8, 


r 

WW  H 

I      I  c-l 
H-C-C-CEC-C-H 
I     I  I 
H   H  H 


2-pentyne 


^9 

;nh2 


H  H 
l     l  t 

-c-c-c 

I  I  l 
H   H  H 


CLC-H 


H-C-C-C=C=C 
H    H     V  h 


H 

M 

H  "XH 


H    H  H 

III  f\ 
H-C-C-C-CEC-H 
I    I  I 
H    H  H 

1-pentyne 


H    H    H  ^ 

III  \J 
H-C-C-C=C=C-H 


H  H 


h2n;          h  h  h  h 

~*  H-C-C-C=C=C> 
I     I  > 
H    H  H 


H    H  H 

I     I  I 
H-C-C-C-C=C 

H   H  H 

sfkynide  ion 


Q 


Formation  of  the  alkynide  ion 
pushes  the  equilibrium  to 
favor  isomer ization 


10,9. 
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10.11. 


Lindlar's 
catalyst 

a) 


Na 


NH3  (J) 


10.12. 

10.13. 

a) 


b) 

CI  1)xs  NaNH2/NH3 


CI  2)H20 

Br,  Br  , 
1}xs  NaNH2/NH3 


2)  H20 


a' 


e) 

ci  ci 

.Br 


1)  xsNaNH2/NH3 

2)  H20 

3)  HBr;ROOR 


f) 

CI    CI  L  ..: 

-^^V      1)xs  NalW2/NH3 

2)  HsO 

3)  excess  HBr 
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10.14. 


1)  xs  NaNH2/NH3 

2)  H20 

3)  excess  HCi 


CI  CI 


10.15.  If  two  products  are  obtained,  then  the  alkyne  must  be  internal  and  unsymmetrical. 
There  is  only  one  such  alkyne  with  molecular  formula  CsHr: 


xs  HBr 


Br  Br 


Br  Br 


10.16. 

a) 
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10.21. 


10.23. 

Br 

Br- 


Ck 

b) 


1)  xs  NaNH2 

2)  H2Q  ^  Hy^^^ 

3)  9-RRN  or  riisiamvlhnrane  r\ 


3)  9-BBN  or  disiamylborane 
a)  4)  H202  ,  NaOH 


1}xs  NaNH2 
2)  H20 


3)  H2S04;  H20,  HgS04 


Xx 


10,24. 

1)  Bra 

2)  NaNH2 


3)  H20 

4)  H2S04,  H20,  Hg504 
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10.26.  If  ozonolysis  produces  only  one  product,  then  the  starting  alkyne  must  be 
symmetrica].  There  is  only  one  symmetrica]  alkyne  with  molecular  formula  C^Hlo: 


10.27. 

%  HgS04  T 


10.28. 

a) 

1)  NaNH2 

2)  EtI  \- 

b) 

1)  NaNH2 

_2)Mei  ^ 

3)  NaNH2 

4)  Mel 


1)  NaMH2 

2)  EtI 


3)  NaNHo 

4)  EtI 
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d) 


g) 


1)  NaNH2 

2) 


3)  NaNH2 

4)  Mel 


3)  NaNH2 

4)  Mel 


1)  NaNH2 


2) 


3)  NaNH2 

4)  EtI 


3)  NaNH2 

4)  Mel 


1)  NaNH2 

2)  EtI 

3)  NaNH2 

4)  Mel 


i) 


1)  NaNH2 

2)  EtI 

3)  NaNH2 

4)  f^V"  ^1 
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%   ^      f  IT  % 

3)  NaNH2 


1)  NaNH2 

2)  r^">^^i 


4)  tfPSS^j 


10.29.  This  process  would  require  the  used  of  a  tertiary  substrate,  which  is  not  reactive 
toward  S\2. 

10.30.  4-octyne 
10.31. 

1)  H2,  Lindlars  catalyst 


2)  HBr 


1)  NaNH2 


(EtBr) 


3)  NaNH2 

4)  EtBr 


10.32. 

a) 


1)  Br2 

2)  xs  NaNH2 

3)  H2Q 


4)  NaNH2 

5)  EtI 

6)  H2f  Lindlar  s  catalyst 

Note:  The  alkyne  produced  after  step  3  does  not  need  to  be  isolated  and  purified,  and 
therefore,  steps  3  and  4  can  be  omitted. 

b) 

1)  Br2 

2)  xs  NaNH2 

3)  H2Q 


4}  9-BSN 

5)  H202;  NaOH 
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OH 

^  1)  H2,  Lindfar's  catalyst 

C)  2)  dilute  H2S04 

^  1)  H2,  Lindlar  s  catalyst 


2)  BH3THF 
d)  3)H202;NaOH 

1)  NaNH2 
%  2>  E" 


3)  Na;  NH3  (/) 
e)  4>  Bf* 


1)  NaNH^ 

"V*^       3)  H2>  Lindlars  catalyst 
f)  4)  Br2 


10.33. 

a) 

1)  NaOEt 

2)  Br2 

3)  xs  NaNH2 
Br       4)  H20 

J   C02 

5)  03 

6)  H20 


1)  NaOEt 

2)  Br2 

3)  xs  NaNH2 

J       4)  H2Q  ^  O 

X**     5)  NaNH2  /^OH 

6)  Mel 

7)  03 

8)  H20 

Note:  The  alkyne  produced  after  step  4  does  not  need  to  be  isolated  and  purified,  and 
therefore,  steps  4  and  5  can  be  omitted. 
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10.34. 

^        1)       Lindlar's  catalyst  ^ 
2)  HBr 


1)  Br2 

2)  xs  NaNH2 

3)  Hp 


(EtBr) 


1)  NaNH2 

2)  EtBr 

3)  NaNH2 

4)  EtBr 


H2S04,  H20 
HgS04 


10.35. 

a)  2,2,5-trimethy]-3-hexyne 

b)  4.4-did]bro-2-hexyiie 

c)  1-hexyne 

d)  3-bromo3-metbyl- 1  -butyne 


10.36. 

a) 
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0        H2SQ4,  HgO  ^  J 
HgS04 

#  Q9-BBN 

2)  H202i  NaOH  *"  ^^^X 

O 

#  HBr(2eq> 


#  HCi  (1  eg) 

#  Br2(2eq) 

CCI4 


CI 


Brv  Br 


Br 


^     1)  NaNH2,  NH3  ^ 

2)  Mel  '  -^Hr 

#   R*  ^ 

Pt 


b)  Yes 


c)  Yes 


d)  No  c)  Yes 
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10.43. 

a)  No.  These  compounds  are  constitutional  isomers,  but  they  are  not  keto-enol  tautomers 
because  the  pi  bond  is  not  adjacent  to  the  OH  group. 

b)  Yes 

c)  Yes 

d)  Yes 


10.46. 

a) 


Br.  Br 


3)  H2  :  Lindlar's  Catalyst 


b) 


H-C=C-H 


1)  NaNH2 

2)  Mel 

—  

3)  9-BBN 

4)  H202  ,  NaOH 


c) 

1)NaNH2 

2}  EtI  O 
H-C=C-H   >-        A  . 

3)  HgS04  . 

H2S04  i  H20 
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d) 


H— C=C— H 


1}  NaNH2 

2)  Met  ^ 

3)  NaNH2 
4}  EtI 

5}  Na ,  NH3  (I) 


10,47,  Wheti  (R)-A-b rom ohe p t- 2- y tie  is  treated  with  Hi  in  the  presence  of  Pt,  the 
asymmetry  is  destroyed  and  C4  is  no  longer  a  chirality  center: 


H2 


Pt 


not  a  chiraflty  center 


This  is  not  the  case  for  (#J-4-brornohex-2-yne, 


10.48. 


3-eihyl-1-pentyne 
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b) 


10.50. 


NaNH2 
NH3 


H  D 


Y 


10.51. 

a) 


Compound  A  2,4, 6-trimethyfoctane 

b)  Compound  A  has  two  chirality  centers: 


c)  The  locants  for  the  methyl  groups  in  Compound  A  are  3,  5,  and  7,  because  locants  are 
assigned  in  a  way  that  gives  the  triple  bond  the  lower  possible  number  (1  rather  than  7). 


10.52. 

1}  9-BBN 

—  

2)  H202,  NaOH 

Compound  A 
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10.53. 

a) 


1)  NaNH2 
2}  EtI 


3)  H2S041  H20;  HgS04 


m 

1 )  excess  NaNH2 

 , 

A        3)  H2,  Lindlar's  Catalyst 
Br  Br 


or 

Br  Br 


1)  excess  NaNH2 

2)  H20 

3)  NaNH2 


4)  Mel 

5)  Na,  NH3 

Note:  The  alkyne  produced  after  step  2  does  not  need  to  be  isolated  and  purified,  and 
therefore,  steps  2  and  3  can  be  omitted. 


or 

ci  ci 


1 )  excess  NaNHg  

3)  H2S04,  H2Os  HgS04 


Br 


1)  excess  NaNH2  J 

BrXBr  "  Of 

3)  Br2  (1  eq)  Br 


1)  excess  NaNH2 

^    JIM  „ 

A        3)  H2,  Lindlar's  Catalyst 
Cl    Cl       4)  dilute  H2SO,  OH 


10.54. 


^       H2SQ4,  HgO  jf 
HgS04 
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10.55.  H3C-CEC-H 


10.56.  If  two  products  are  obtained,  then  the  alky  tie  must  be  internal  and  unsymmetricaL 
There  is  only  one  such  alkyne  with  molecular  formula  C5Hfi: 


H2S041  H20 


HgS04 


10.57. 

a) 


2)  excess  NaNH2 

3)  H20 


b) 

0 


1)  Br2 

2)  excess  NaNH2 

4)  H2S04>  H2G,  HgS04  O 


1)  NaNH2 

2)  Etl 


3)  Naf  NH3  (I) 
d) 


0        1 ) NaNH2 


_2L 


3)  H2,  Pt 


10.58. 
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\      ,  1)  excess  NaNH2  \ 

"7Y_Br   ^       "  V 


NaNH2 


Na 


2)  Br2 


1)  H2;  Lindlafs  Catalyst 


2)Br2 


Br 

Br 


1)  Na,  NH3  (J)  

2)  Os04,  NMO 


\  OH 
\  1)H2,  Lindlafs  Catalyst  / 


OH 

+  En 


2)  MCPBA 

3)  H30+ 


1)  Na,  NH3  (!j 

/  2)  MCPBA  \ 

3)  H30+  OH 

\  1)H2,  Lindlar's  Catalyst  /  5hl 

2)  Os04,  NMO 
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1 )  NaNH2 

2)  Mel 

3)  NaNH2 


/  4)  Mel 
/    5)  Na,  NH3(/) 

6)Os04>NMO  OH 

-  .  .  ...       +  En 
\        1 )  NaNH2  JH 
\     2)  Mel 
\  3)NaNH2  

4)  Mel 

5)  H2>  Undiar's  Catalyst 

6)  MCP8A 

7)  H30+ 


1 )  NaNH2 

2)  Mel 

3)  NaNH2 

4)  Mel 


/ 


5)  Na,  NH3  (/) 

6)  MCPBA 

7)  H30+  OH 

\  OH 
\      1 ) NaNH2 

\  2)  Mel   


3)  NaNH2 

4)  Mel 

5)  H2,  Lindlars  Catalyst 

6)  Os04>  NMO 


10.61. 


4T   =  *  M 

a)    S  Lindlar's  Catalyst        '  \ 


Na         °\  / 
b)    ^         ND3(/)        /  D 
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10.63. 


H 


o:  -o- 


H  „H 
■O- 


H  H 


H  H 

o:  O: 


H  H 

o:  o:^ 


H  H 


10.64. 
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10.65. 
a) 

.         1)  H2>  Lindlar's  catalyst 

%   *~        . -  "  B  r 

2)  HBr 

(EtBr) 

1)  NaNH2 

2)  EtBr  1)Nfl|  NHs  (i)  r 
"        3)  NaNH2                       \      2)  MCPBA  JT\ 

4)  MeBr 


+  En 

Ef  'Me 


b) 


1)  H2>  Lindlar's  catalyst 

2)  HBr  t  Br 

(EtBr) 


1)  NaNH2 

2)  EtBr  1J  Hz,  Lindlar's  Catalyst  p 

3)  NaNH2  \       2)  MCPBA 

Et  Me 

4)  MeBr 


Chapter  11 
Radical  Reactions 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  1 1 .  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary, 

•  Radical  mechanisms  utilize  fishhook  arrows,  each  of  which  represents  the  flow 
of  . 

•  Every  step  in  a  radical  mechanism  can  be  classified  as  initiation,  f 

or  termination, 

•  A  radical  initiator  is  a  compound  with  a  weak  bond  that  readily  undergoes 

•  A  _,  also  called  a  radical  scavenger,  is  a  compound  that 

prevents  a  chain  process  from  either  getting  started  or  continuing. 

•   is  more  selective  than  chlorination. 

•  When  a  new  chirality  center  is  created  during  a  radical  halogenation  process,  a 
  mixture  is  obtained. 

•   can  undergo  ally  Lie  bro  mi  nation,  in  which  bromination 

occurs  at  the  allylic  position. 

•  Organic  compounds  undergo  oxidation  in  the  presence  of  atmospheric  oxygen  to 

produce  hydroperoxides.  This  process,  called  is  believed 

to  proceed  via  a  mechanism. 

•  Antioxidants,  such  as  BHT  and  BHA,  are  used  as  food  preservatives  to  prevent 
autooxidation  of  oils. 

•  When  vinyl  chloride  is  polymerized,  is  obtained. 

•  Radical  halogenation  provides  a  method  for  introducing   into 

an  alkane. 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  11.  The  answers  appear  in  the  section  entitled 
SkMBuilder  Review, 

11.1    Drawing  Resonance  Structures  of  Radicals 


DRAW  A  RESONANCE  STRUCTURE  OF  THE  RADICAL  BELOW: 
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1 1 .2    Men! ify ing  the  Wea ke si  C-H  Bond  in  a  C »m pou n d 

IDENTIFY  THE  WEAKEST  C-H  BOND  SN  THE  FOLLOWING  COMPOUND: 


1 1.3    Identifying  a  Radical  Pattern  and  Drawing  Fish  honk  Arrows 


DRA  W  THE  CUR  VED  A  RROWS  FOR  EACH  OF  THE  SIX  S  TEPS  SRC  ,V.V  o  t  i  0 ,7 


Homotytic 
Cleavage 


Addition 
to  a  Pi  Bond 


Hydrogen 
Abstraction 


X*  H-R 


X— H 


Halogen 
Abstraction 


X— X 


R-X 


Elimination 


Coupling 


11 A    Drawing  a  Mechanism  lor  Radical  Hato^enalion 


INITIATION 

PROPAGATION 

TERMINATION 

DRAW  CURVED 
ARROWS  FOR  TUB 
INITIATION  STEP 
BELOW: 

DfMW  CURBED  d/WJOWS  FOfl  THE  PflOPdGATVOW 
■STEPS  BELOW: 

Dflrt  17  CURVED  ARROWS  FOR  THE 
TERMINATION  STEP  BELOW: 

R  R 

:x: — x: 

HYDROGEN  ABSTRACTION  _ 

R  R 

r-g— h    *x:      r-c*  h-x: 

r-c*     *x:  — r-c-x: 

1          •  *                1  *  * 
R  R 

R  R 

:x  *  * x: 

r-c*  fx— x*:  — R-i— x:  :x* 

R                                    R  ■' 

1L5    Predicting  the  Regiochemistry  i»f  Radical  Bromi  nation 


DRAW  THE  EXPECTED  PRODUCTS  OF  THE  FOLLOWING  MONOBROMINATlON  REACTION: 
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1 L6  Predicting  the  Stereochemical  Outcome  of  Radical  Bro  urination 

DRAW  THE  EXPECTED  PRODUCTS  OF  THE  FOLLOWING  REACTION: 


1L7    Predicting  the  Products  of  Ally  lie  Bro  imitation 

DRAW  THE  EXPECTED  PRODUCTS  OF  THE  FOLLOWING  REACTION: 


hv 
IMBS 


1 1.8    Predicting  the  Products  for  Radical  Addition  of  HBr 

DRAW  THE  EXPECTED  PRODUCTS  OF  THE  FOLLOWING  REACTION: 


HBr 
ROOR 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  1 1 .  The 
answers  appear  in  the  section  entitled  Review  of  Synthetically  Useful  Radical  Reactions. 
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Solutions 
11.1. 

a)  The  tertiary  radical  is  the  most  stable  and  the  primary  radical  is  the  least  stable. 
Increasing  Stability 
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11.6.    Draw  the  resonance  structures  of  the  radical  that  is  formed  when  Ha  is  abstracted, 
and  then  draw  the  resonance  structures  of  the  radical  that  is  formed  when  Hb  is 
abstracted: 


Hydrog  en 

—  ^  ► 

J/  v —  Abstraction 


Hydrog  en 
Abstraction 


Compare  the  resonance  structures  in  each  case.  Specifically,  look  at  the  middle 
resonance  structure  in  each  case.  When  Hh  is  abstracted,  the  middle  resonance  structure 
is  tertiary,  and  the  methyl  group  stabilizes  the  radical  via  electron  donation.  This 
stabilizing  factor  is  not  present  when  Ha  is  abstracted.  Therefore,  we  expect  the  C-Hj, 
bond  to  be  slightly  weaker  ill  an  the  C-H,  bond. 


11.7. 

a) 


Hydrogen 
Abstraction 


'Br: 


Addition 


d) 


Hydrogen 

 » 

Abstraction 


0 


HBr 


e) 


Elimination 


*0-  -O* 


Homolytic 


Bond  Cleavage 
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11.8. 


11.10. 

a)  Clilori nation  of  methylene  chloride  to  produce  chloroform: 


Initiation 

WOMOLYTJC  CLEAVAGE 

:cf— ci: 

hv 

CREATES  I IW? 

Propagation 

C!                   HYDROGEN  ABSTRACTION 

CI 

H-C^H^^'Ci: 
CI 



FOflAFS  4  CARBON  RADICAL 

H-C"  h-ci: 

1 

CI 

h-c*  "  :ci— ci: 
ci 

HA  L  OGEN  A  BS  TRA  CTiON 

CI 

GIVES  THE  PRODUCT 
AND  REGENERATES 
A  CHLORINE  RADICAL 

h-c-ci:  :cr 
i 

CI 

Termination 

CI 
Gl 

COUPLING 

CI 

h-c-ci  : 

CI 

DESTROYS  ONE  CARBON 
RADICAL  AND  ONE 
CHLORINE  RADICAL 
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b)  Chiorination  of  chloroform  to  produce  carbon  tetrachloride: 


Initiation 


HOMOLYTIC  CLEAVAGE 

aoDci:   *V  ^ 


:cr  *ci: 


CREATES  T1V0 
CHLORINE  ff4D/C4LS 


Propagation 


ci 


ci— cHP^gi: 

i 

CI 


1-omisACAriaoNHAincfiL 


CI 

Gl— C* 
i 

CI 


h-ci: 


ci— c*  "  :ci— ci: 
i       •»    ♦  ♦ 

ci 


HALOGEN  ABSTRACTION 


C! 
I 


G/VES  THE  PRODUCT 
AND  REGENERATES 
A  CHLORINE  RADICAL. 


ci— c-ci: 

I 

CI 


:cr 


Termination 


ci 

CI— c*" 

I 

C! 


COUPLING 


^ci: 


DESTROYS  QUE  CARBON 
RADICAL  AND  ONE 
CHLORINE  RADICAL 


CI 

ci— c-ci : 
i 

ci 


c)  Chiorination  of  ethane  to  produce  ethyl  chloride 


Initiation 


HOMOL  YTIC  CLE  A  VAGE 

hv 


CREATES  TWO 
CHLORINE  RADICALS 


:cr  *ci; 


Propagation 


l_l    |_|  HYDROGEN  ABSTRACTION         H  H 

h-c-c— H  r  "ci: 

II  ♦  ■ 

H  H 


H-C-Ch 


hOHMSA  CAHXQti  RADICAL 


HALOGEN  ABSTRACTION 


GIVES  THE  PRODUCT 
AND  REGENERA  TES 
A  CHLORINE  RADICAL 


H  H 

H  H 

i  i 
H-C-C- 

H  H 


h-ci: 


•ci: 


:cr 


Termination 


H  H 

i  i 
H-C-C r 

H  H 


"ci: 


DESTROYS  ONE  CARBON 
RADICAL  AND  ONE 
CHLORINE  RADICAL 


H  H 

h-c-c-ci: 

H  H 
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d)  Chlorination  of  1 , 1 J -trichloroe thane  to  produce  LI ,1 , 2- tetrachloro ethane: 


Initiation 


HOMOL  YTiC  CLE  A  VAGE 


crea  res  TWO 

CHLORINE  RADICALS 


;cr 


*ci: 


Propagation 


CI  H 

ci— c-cMT^ 
i  i 

CI  H 


HYDROGEN  ABSTRACTION        q\  H 

x'i :   *~  ci-c-c* 


CI  H   

ci— c-c  v/:ci— ci: 

ii  ♦  ■    ♦  ♦ 

CI  H 


HALOGEN  ABSTRACTION 


I  I 
CI  H 


CI  H 


h-ci: 


GIVES  THE  PRODUCT 
AND  REGENERATES 
A  CHLORINE  RADICAL 


ci— c-c-ci: 
i  i 

CI  H 


:cr 


Termination 


CI  H 
i  i 
C|— C-C* 
I  I 

CI  H 


COUPLING 


-ci: 


DESTROYS  ONE  CARBON 
RADICAL  AND  ONE 
CHLORINE  RADICAL 


CI  H 

ci-c-c-ci; 

I  I  *  * 
C!  H 


e)  Chlorination  of  2 ,2  -di  c  h  ] oropropan e  to  produce  1 ,2,2-trichJoropropane: 


Initiation 


:ci— ci: 


HOMOL  YTIC  CLEA  VAGE 


CREATES  TWO 
CHLORINE  RADICALS 


:cr 


*ci: 


Propagation 


j_l   Ql  l_l  HYDROGEN  ABSTRACTION 

I      I     1^^-^,-.  •* 

h-c-c-c— h  *ci:   


I  I 


H  CI  H 


FORMS  A  CARBON  RADICAL 


H  CI  H 

I     I  I 
H-C-C-C* 

H  CI  H 


h-ci: 


HALOGEN  ABSTRACTION  H    CI  H 

 ►  h-c-c-c-ci:  :cr 

GIVES  THE  PRODUCT  I      I     '       '  ' 

PI    Ul    M                                           AND  REGENERATES  H     Ul  PI 
A  CHLORINE  RADICAL 

Termination 

H  CI  H                          COUPLING  H   CI  H 

i    i    i  _4  _  *  •  I    T    I  •■• 

h-c-c-c*^ ^*ci:   ►  h-c-c-c-ci: 

'      i.   J,                               DESTROYS  ONE  CARBON  '       '       '  ** 

M    Ul    M                                   RADICAL  AND  ONE  M    L/l  M 
CHLORINE  RADICAL 
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11.11.    During  the  chJorination  of  methane,  methyl  radicals  are  generated.  Two  of  these 

methyl  radicals  can  couple  together  to  form  ethane: 

H  H  H  H 

H-i^^'C-H   H-i-i-H 

ii  ii 
H  H  H  H 

Ethane  can  then  undergo  hydrogen  abstraction,  followed  by  halogen  abstraction  to 

generate  ethyl  chloride: 

H  H  H  H 

'Ci:   H-C-C'  H-CII 


1  '^^^ 
H-C-C— H 
i  i 
H  H 


i  i 

H-C-C" 
i  i 
H  H 


H  H 

h-c— c     xh-^-ci  : 
ii 

H  H 


H  H 

h-c-c  -ci:  :cr 
i  i 

H  H 


11.12. 


B,>o< 


c)  Br 


11.13 

a) 


Ci 


CI 


CI 


Br 


c) 


-Br 


11.14. 


aj  no  chirality  center 


Ct 

b)  Br 
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11.15. 

BrVBr  Br2  !r  NaSH 

Compound  A 
(S)-2-bromopentane 


11.17. 


/—  hv 

11.18. 

;6=n     +.  o3 

;6=n-o+    +  'o* 


L3r 


+  Br 


(racemic  mixture) 

;6=n-ct     +  O, 

*        *  * 

o2  + 


Vitamin  E 


1L20. 

a) 


HBr 


a 


ROOR 
HBr 


b) 


c) 


ROOR 


HBr 


Br 


(no  chirality  centers) 


ROOR 


HBr 


ROOR 


HBr 


ROOR 


(no  chirality  centers) 


HBr 


ROOR 


(no  chirality  centers) 
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11.21. 

a)  One  chemical  entity  is  being  converted  into  two  chemical  entities,  which  increases  the 
entropy  of  the  system. 

b)  Recall  that  AG  has  two  components:  (AH)  and  (-TAS).  The  magnitude  of  the  latter 
term  is  dependent  on  the  temperature.  At  high  temperature,  the  latter  term  dominates 
over  the  former,  and  the  reaction  is  thermodynamically  favorable.  However,  at  low 
temperature,  the  first  term  (enthalpy)  dominates,  and  the  reaction  is  no  longer 
thermodynamically  favored. 


11.22. 
a) 
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V 


11.23. 

Hk 


Increasing  bond  strength 


Ha>  Hb  >  Hp 


abstraction  of  Ha  generates  an  unstable  vinyl  radical 
abstraction  of  Hc  generates  a  resonance-stabilized  radical 


11.24. 


a) 


primary 


Increasing  Stability 


Cr^        Cn-  Cr^ 


secondary 


tertiary 


tertiary  a  f lytic 


bi 


Increasing  Stability 


secondary 


tertiary 
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11,26.  The  benzylic  position  is  selectively  brominated  because  the  benzyl ic  C-H  bond  is 
the  weakest  bond.  The  benzylic  hydrogen  atom  is  the  only  hydrogen  atom  that  can  be 
abstracted  to  generate  a  resonance-stabilized  radical. 


Initiation 


HOMOLYTlC  CLEAVAGE 


o 


N^-'Br: 


A 

IN 


*Br: 


Propagation 


4  Br: 


HYDROGEN  ABSTRACTION 


HALOGEN  ABSTRACTION 


Termination 


COUPLING 


+  Br: 


Br: 


*Br: 


,Br: 


11.27. 

11.28.  Selective  bromination  at  the  benzylic  position  generates  a  new  chirality  center. 
The  intermediate  benzylic  radical  is  expected  to  be  attacked  from  either  face  of  the  planar 
radical  with  equal  likehood,  giving  rise  to  a  racemic  mixture  of  enantiomers: 


Br  Br 


11.29. 

a)  These  radicals  are  tertiary,  and  they  are  stabilized  by  resonance. 

b)  Loss  of  nitrogen  gas  would  result  in  the  formation  of  vinyl  radicals,  which  are  too 
unstable  to  form  under  normal  conditions: 
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1130. 


.0  H 


b)  Hydrogen  abstraction  leads  to  an  exceptionally  stable  radical,  with  many, 

many  resonance  structures  (see  problem  1 1.3). 

c)  Phenol  acts  as  a  radical  scavenger,  thereby  preventing  the  chain  process  from 

taking  off. 


11.31. 


Initiation 


N-^Br: 


U\     +  'Br: 


Propagation 


HYDROGEN  ABSTRACTION 


'Br; 


XWH 


v  :Br: 

Br 


VlBr: 


HALOGEN 
ABSTRACTION 


Br 


Termination 


*BrI 


*BrI 


Br 


Br 


> 


< 
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1L32. 


increasing  Stability 


secondary 


tertiary 


11.33. 

a) 


d) 


a 


e) 


Br? 


Br 


hv 


l2 

 no  reaction 

hv 


C\2 


hv 


NBS 


hv 


NBS 


CI 

(racemic  mixture) 


Br 


1134, 
CI 


Br3 


hv 


cu 


E3f 


CI 


CI- 


cr  c, 


CI 


CI     CI  Ci  CI 


Ci 
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11.35. 


11.36. 

a) 

+  En  +  En  +  En 


Br 


+  Br- 
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11.38.  When  Compound  B  is  treated  with  a  sierically  hindered  base,  the  Hofmann 
product  (Compound  D)  is  favored.  When  treated  with  sodium  ethoxide,  the  Zaitsev 
product  (Compound  B)  is  favored: 

Strong 


f-BuOK 


11.39. 


(racemic  mixture)  (racemic  mixture) 


11.40. 

a)  Js  hi  *  -X  b)  A^r 
c)  

Initiation 

HOMOL  YTIC  CLE  A  VAGE 

iBr-^Br:   —  >-     I  Br4     'Br  I 


Propagation 

s> — ^  HYDROGEN  ABSTRACTION 


/\    /  H— Brl 


!Br— Br; 


HA  L  OGEN  A  BS  TRA  CTiOH 


X-:': 


!Br* 


Termination 

COUPLING 
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d)   

Initiation 


HOMOL  YTtC  CLEAVAGE 


:b^bV:   ^  ^    :bf-  *B*r: 


Propagation 

H  H  YDROGEN  A  BSTRA  CTION 


Termination 

COUPLING  £ 


e)  The  minor  product  is  only  formed  via  a  primary  radical,  which  does  not  readily  form 
under  bromination  conditions.  The  tertiary  radical  is  selectively  formed,  which  leads  to 
the  tertiary  alkyl  bromide  as  the  major  product. 


a)  The  two  products  are  diastereotners 


enantiomers  a  meso  compound 

There  are  two  chirality  centers,  so  we  might  expect  four  products.  However,  one  product 
is  a  meso  compound,  so  there  are  only  three  products,  rather  than  four.  For  a  review  of 
meso  compounds,  see  Section  5.6. 
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11.42. 


CHAPTER  11 

Methyl  radicals  are  less  stable  and  less  hindered  than  Wrt-bmy]  radicals. 


11.43. 

a)  1      b)4     c)3     d)4     c)2     f)  I      g)  5      h)  I     i)  3      j)  3 


11.44. 

Dr 

HBr 


j         Br,  \yBr      NaOEt  I 

^      hv  ^  ^  ROOR 


1)  NaNH2    >  ^        H2SO„  HaO 

w     I  HgSQ4 


Br 


11.45. 

/\        Cl2  XV-CI  l)Bra,hy  fc 

a)  W         to?  A — /  b)  W      2)  Nal  ^ 

^  1)Cla,  fa^  LJ      2)  NaOEt         k^XBr  +  ^ 

c)  VJ  2)  NaOEt         VJ  d)  3)  Br2 

c)  2)  NaOEt 
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11.46.  cis- 1 ,2  -  D  i  meih  y  Icy  c  1  ope  mane  produc  es  si  x  pairs  of  compou  rids,  w  here  eac  h  pair 
have  a  diastereomeric  relationship.  In  contrast,  fm/i^dimethylcyclopentane  produces 
only  six  different  compounds,  as  shown  below: 


P 


'CI 


C!  t\ 


ct2 

hv 


6^  = 


6  


cr 


11.47.  The  first  propagation  step  in  a  bromination  process  is  generally  slow  and 
selective.  In  fact,  this  is  the  source  of  the  regioselectivity  for  this  reaction.  A  pathway 
via  a  tertiary  radical  will  be  significantly  lower  in  energy  than  a  pathway  via  a  secondary 
or  primary  radical.  As  a  result,  bromination  occurs  predominantly  at  the  more  substituted 
position.  However,  when  chlorine  is  present,  chlorine  radicals  can  perform  the  first 
propagation  step  (hydrogen  abstraction)  very  rapidly,  and  with  little  selectivity.  Under 
these  conditions,  secondary  and  primary  radicals  are  formed  almost  as  easily  as  tertiary 
radicals.  The  resulting  radicals  then  react  with  bromine  in  the  second  propagation  step  to 
yield  monobromated  products.  Therefore,  in  the  presence  of  chlorine,  the  selectivity 
normally  observed  for  bromination  is  lost. 
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11.48. 


Chapter  12 
Synthesis 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  12.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

*    The  position  of  a  halogen  can  be  moved  by  performing  followed  by 


•    The  position  of  a  %  bond  can  be  moved  by  performing  followed  by 


•  An  alkane  can  be  functionalized  via  radical  f 

•  Every  synthesis  problem  should  be  approached  by  asking  the  following  two 
questions: 

L  Is  there  any  change  in  the  ? 

2.   Is  there  any  change  in  the  identity  or  location  of  the  ? 

•  In  a   analysis,  the  last  step  of  the  synthetic  route  is  first 

established,  and  the  remaining  steps  are  determined,  working  backwards  from  the 
product. 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  12.  The  answers  appear  in  the  section  entitled 
Skill  Builder  Review. 

12.1  Changing  the  Identity  or  Position  of  a  Functional  Grwup 

IDEN  TIFY  THE  TWO  PROCESSES  THAT  ARE  REQUIRED  TO  CHANGE  THE  POSITION  OF  A  HALOGEN: 


IDENTIFY  THE  TWO  PROCESSES  THAT  ARE  REQUIRED  TO  CHANGE  THE  POSITION  OF  A  PI  BOND: 


IDENTIFY  THE  TWO  PROCESSES  THAT  ARE  REQUfRED  TO  INSTALL  A  PI  BOND: 


254  CHAPTER  12 


IDENTIFY  THE  REAGENTS  NECESSARY  TO  ACHIEVE  EACH  OF  THE  FOLLOWING  TRANSFORMATIONS 

■  >  a 


12*2  Changing  the  Carbon  Skeleton 


IDENTIFY  THE  REAGENT  NECESSAf 
H  H 

1       1  © 

h-c-c-c=c:  + 
i  i 

H  H 

Y  TO  ACHIEVE  THE  FOL 

LOWING  C-C  BOND  FORMING  REACTION: 

H  H            H   H  H 

 H-C-C-C=C-C-C-C-H 

I  I 

H   H             H   H  H 

SDEN TIFY  THE  REAGENTS  NECESSARY  TO  ACHIEVE  THE  FOLLOWING  C-C  BOND  BREAKING  REACTION: 
u 

H    H    H       i.                    t)f~            "J                         H    H    H       «  H 
I  U     H                  *)(              )                     H   H  H     H            0'  " 

12.3  Approaching  a  Synthesis  Problem  by  Asking  Two  Questions 


IDENTIFY  THE  TWO  QUESTIONS  TO  ASK  WHEN  APPROACHING  A  SYNTHESIS  PROBLEM: 

n 

? 

2) 

? 

1 2.4  Re  trosy  nl  helic  A  naly  sis 


COMPLETE  THE  FOLLOWING  RETROSYNTHETIC  ANALYSIS  BY  DRAWING  THE  APPROPRIATE  STRUCTURES  IN  THE  BOXES  PROVIDED: 

\ 

 7> 

-  y 

PRODUCT 

STARTING 
MATERIAL 
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Solutions 


12.1. 
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e) 

cone.  H2SQ4 

/      heat  ^u 

/— \     /  f— \          dilute  H2S04  /~\/0H 

<J-L         o=\  — -  OS 

X    1)TBCI,py  ^ 
2)  NaOEt 

f) 

Br 

1)  NaQMe 

2)  dilute  H2S04  /"oh 


OH 

1)  TsCl.  py  HBr,  ROOR^  ^^^Br 

A  2)  NaOEt      *~      A  A 


h) 

1)  BH3-THF 

OH  /  2)H202lNaOH  \ 

2)  NaOEt  A 

^    1)  HBrH  ROOR  f 

2)  NaOH  (SN2) 


12A 

rBr     1)  NaOMe  I         1)  f-BuOK        ?r      I         1)xs  NaNH2 


2)  HBr,  ROOR  ^  \      2)  Br2  J  2)  H2° 

Br  Br 


12.5. 

Br2  ^     ^^JL^       1)xs  NaNH2  ^  excess  HBr  ^  ^^X^ 

Br 
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12.6. 

a) 


12.7. 

a) 


1)  NaNH2 


1)  NaNH2 

2)  Mel 
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12.8, 

a) 

NaNHy 
H-CEC-H  - 


\ 


H  C'Cr  Na 


b) 


c) 

NaNH2 
H — C =C  H  — 


\ 


Lindlars 
catalyst 


/ gr  /  2)  DMS  /  Y| 


H-C=C^Na®  -      veHRr  Br,  Br 


12,9,  The  alkyl  halide  is  a  tertiary  substrate  and  does  not  readily  undergo  SN2.  Under 
these  conditions,  the  acetyl ide  ion  functions  as  a  base,  rather  than  a  nucleophile,  giving 
an  E2  reaction,  instead  of  SN2: 


r;,         H-C=C:°  Na® 


12.10. 

a) 


1)  NaNH2 
2) 


H2 

Lindlar's  Catalyst 
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W 

ui  H-C=C-H   ? 


/  Lindlar's\  ^ 

Catalyst  p>  © 

^  HBr,  ROOR  H  C-C^  Na  ^  ^ 

\    Na  / 
NH3  (0 


d) 


H3C  C=C-H 


NaNH2 


HBr 
ROOR 


&  ® 

^y^^Br        H3C-C=cr  Na" 


Na 
NH5  (/) 


NaNH2 

H-C=C-H   ? 

1)  HBr,  ROOR         .  HBr  \^~vBr     H-G^C.  Na 


1 )  HBr,  ROORt  N^*S>* 

2)  f-BuGK  ROOR 
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12.12. 


H-C=C-H 
NaNH^ 


HBr,  ROOR 


H-Ce 


0  © 
A  Na 


Lindlar's 
i  Catalyst 
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12.13. 

a) 

/  Lindlar's  \ 

1 )  NaNH2  ,  /\      catalyst  Br2 

2)  EtI  ^  j  H20 

\     Na  / 

NH3  (4 


H-C~C-H 
NaNHa 


0  © 
H-G=C.  Na 


Lindlar's 
Catalyst 


.    B\/Br       1)  xs  NaNH2  0        H2S041  H20 

2)  H20         "  HgS04 


w  \  /Cr  NaQEt,  W  j  f 

/\  /iv          /  \  /     \  2)DMS 
«) 

\_/  \  /  Cr  f"Bli0fS  \    /  1)BH3-THF 

/      \  W         /  \  *  /\  2)  H202>  NaOH  " 
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Br    Br      1 )  xs  NaNH2 


DQ3 

2)  H20 


OH 


g) 


1 )  NaNH2 

2)  EtI 


1)  NaNH2 

2)  EtI 


Br2 
H20 


Na 
NH3  (!) 


+  En 


h) 


NaOEt 


1)  HBr,  ROOR 

2)  f-BuOK  ' 


1)  Br2 

2)  xs  NaNH2 
j  3)  H20 
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12.14. 


1 )  H21  Lindlafs  Catalyst 

2)  HBr 


Br 


H-C=C-H 

NaNH2 


H-C=cr  Naw 


H-CECr  Na 


HBr,  ROOR 


H2 
lindlar's 
Catalyst 
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12.15. 


1)  H2,  Lindlafs  Catalyst 

2)  HBr 


&  © 
H-C=cr  Na" 


H-C=C-H 

NaNH2 

H-C=Cr  Na^ 


Br 


HBr,  ROOR 


H2 
Lindlar's 
Catalyst 


H2 
Lindlar's 
Catalyst 


HBr,  ROOR 


Q  © 
H-C=Cr  Na 


1)NaNH2 


%^  2>    ^Br  % 


H2 
Lindlars 
Catalyst 
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12.16. 


1 )  H2,  Lindlar's  Catalyst 

2)  HBr 


Br 


H-C=C-H 

NaNH2 


0  © 
H  C~cr  Na 


e  © 

H-CECr  Na 


HBr,  ROOR 


Lindlar's 
Catalyst 


1)03 


2)  DMS 


H 


H2 
Lindlar's 
Catalyst 


12.17. 
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12.18. 


Br 


CH3 


HBr 


Br 


H  2  SO  4 ,  H  2  O 
HgS04 


Br^A   1)xs  NaNH2 

V        xsHBr  /  W 


1)  9-BBN  Br 
2)H2021  NaOH 

Br  2 


xs  Br2 


1)  xs  NaNH2 
Br 

0^* 


1)  NaNH2 

2)  Mel 


,2)  H20 


Br  Br 

CrV 


H2 
Lindlar's 
it  Catalyst 


H2s  PI 


Na,  NH3  (/) 


dP  cr^  cr 
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12.19. 


1)  H2l  Lindlar's  Catalyst 

2)  HBr 


Br 


H-C=C-H 

NaNH2 

0  © 
H-C=C:  Na 


HBr 


H2 
Lindlar's 
Catalyst 


T 
Br 


12.20. 


1)  H2,  Lindlar's  Catalyst 

2)  HBr 


H-C=C-H 

NaNH2 


H-C=C;U  Na 


HBr,  ROOR 


H2 

Lindlar's 
Catalyst 


12.21. 


1)  TsCI,  py  1)  BH3'THF  |  OH 

2)  f-BuOK  2)  H202,  NaOH  ' 


a) 

b)  3)  H20 


1)Br2  H2S04,  H20 
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12.22. 

1)  HBr;  ROOR 


3 

12.23. 

a) 


2)  f-BuOK 


1)Br2  1)03 


b) 

HC-CNa 


.Br 


2)  xs  NaNH2        "    ^      2)  H20 

3)  H20  O 


OH 


2)  H20  ^^OH 


c) 

I  HC-CNa  I        ^  H£  I  1)Oa  I  ? 

*  Lindas"  2)  QMS 

Catalyst 

d) 

/r       1)  NaOMe       ^  Br  HC=CNa 

H2 
Lindlar's 
11  Catalyst 


hv  2)  HBr,  ROOR 
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12.24 

1 )  NaNH2  X\        1)  NaNHg 

2)  EtI  2)  Mel 


Lindlar's 
Catalyst 


OH 


Na 


1)  MCPBA 

2)  H30+  /  Qs04>  NMO 


+  En 


12.25. 


1)  NaNH2 

2)  EtI 


1)  NaNH2 

2)  Mel 


H2 
Lindlar's 
Catalyst 


Na 

NH3  (fl 


Os04i  NMO 


1)  MCPBA 

2)  H30+ 


OH 


+  En 


12.26. 

a) 


HBr 
ROOR 


HCECNa 


Br 


H2S04l  H20 
HgS04 
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H 

O 


HBr  HOCNa  ^  1)9BBN 

t) 

HBr  HCECNa  ^        I )  ®3  j  | 

^     ROOR  -^Br  2)H,0  -^^OH 

dI       —  1     Br  1      #  ,  I 

^-     ROOR        ^--Br  Lindlar's 

Catalyst 

2)  DMS 

O  O 


e) 


Br 

Br2  V  NaOMe  1)0; 


12.27. 

H2  HBr 

/  Lindlar's  Hr 
Catalyst 

*  % 

\      NaNHa  0  © 

s  H-C=Cr  Na 


Lindlar's 
Catalyst 


MCPBA 


1)  NaNHa 


3)  H30* 


Pt 
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12.28. 

:#   ^  ^>   >■  JJ 

Lindlar1s  2)  DMS  H  H 

\  .  H-C=cP*P 


0  1)  HC=CNa  OH  H2 

1   ^  7  ^ 

H'    H       2)H*0+  Lindlar's  < 

Catalyst 


12.29. 


Lindlar's 
Catalyst 


Note:  You  may  find  it  helpful 
to  build  molecular  models  to 
help  visualize  the 
stereochemistry  of  the  ring- 
closing  step. 


BrP 


Br 


+  En 


12.30. 

a) 

^  HgS04 
h) 

1 )  NaNH2  H2  1)Q3 

-         2)  EtI  ^  Lindlar's  2)  DMS 

cataiyst 
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c) 


1)  H?,  Undlar's  Catalyst 


2)  HBr 


H-C=C-H 

NaNH2 


H  C 


■Br 


1)  H2>  Lindlafs  Cat; 

2)  HBr 


H-CeC-H 

NaNH2 


H-C=cP  hP 


1)  9-BBN 

2)  H202l  NaOH 


1)  H2,  Lindlar's  Cat. 


2)  03 

3)  DMS 


©  ® 
H-G=Cr  Na 


1)  H2, 
Lindlar's  Cat. 

2)  HBr,  ROOR 


12.31. 


Lindfar's 
Catalyst 


1)MCPBA  _    HO    ^         xs  NaH 


Br, 


Br^^. 


Br 


Chapter  13 
Alcohols 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  1 3.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  When  naming  an  alcohol,  the  parent  is  the  longest  chain  containing  the 
 group. 

•  The  conjugate  base  of  an  alcohol  is  called  an  ion. 

•  Several  factors  determine  the  relative  acidity  of  alcohols,  including  , 

 ,  and  , 

•  The  conjugate  base  of  phenol  is  called  a  ,  or  ion. 

•  When  preparing  an  alcohol  via  a  substitution  reaction,  primary  substrates  will 
require  Sisr  conditions,  while  tertiary  substrates  will  require  Sn  conditions. 

•  Alcohols  can  be  formed  by  treating  a  carbonyl  group  (C-0  bond)  with  a 
 .  agent. 

•  Grignard  reagents  are  carbon  nucleophiles  that  are  capable  of  attacking  a  wide 

range  of   .  including  the  carbonyl  group  of  ketones  or 

aldehydes,  to  produce  an  alcohol. 

•   groups,  such  as  the  tri  methyl  si  lyl  group,  can  be  used  to 

circumvent  the  problem  of  Grignard  incompatibility  and  can  be  easily  removed 
after  the  desired  Grignard  reaction  has  been  performed. 

•  Tertiary  alcohols  will  undergo  an  Sn       reaction  when  treated  with  a  hydrogen 

halide. 

•  Primary  and  secondary  alcohols  will  undergo  an  SN  process  when  treated  with 

either  HX,  SOCU,  PBr^,  or  when  the  hydroxyl  group  is  converted  into  a  tosylate 
group  followed  by  nucleophilic  attack. 

■    Tertiary  alcohols  undergo  El  elimination  when  treated  with  

•  Primary  alcohols  undergo  oxidation  twice  to  give  a  ___  , 

•  Secondary  alcohols  are  oxidized  only  once  to  give  a  

•  PCC  is  used  to  convert  a  primary  alcohol  into  an  . 

•  NADH  is  a  biological  reducing  agent  that  functions  as  a  delivery 

agent  (very  much  like  NaBH4  or  LAH),  while  NAD+  is  an  agent. 

•  The  are  two  key  issues  to  consider  when  proposing  a  synthesis  is  whether  there  is: 

1 ,  a  change  in  the  . 

2.  a  change  in  the  . 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  1 3.  The  answers  appear  in  the  section  entitled 
SkillBuilder  Review. 


13 A  Naming  an  Alcohol 


PftovtDE  a  s    :  tew  .•    name  .<-oh  /.nt  i-L-LL  :;/;<:,■<-,  ::o.vpg\jng 


CI.  CI 


OH 


1 )  IDENTIFY  THE  PARENT 

2)  IDENTIFY AND  NAME  SUBS T) T UEN TS 

J.i  ASSIGN  LOCANTS  TO  EACH  SUBSTITUENT 

4)  ALPHABETIZE 

5>  ASSIGN  CONFtQURA  TiOH 


13.2  Comparing  the  Acidity  of  Alcohols 


13.3  Id  enl  if y  ing  Ox  i  d  at  ion  and  Reduct  io  n  Re  act  ions 


AM  THE  FOLLC  ft}NG  fit  ACTION.  DETERMINE  WHETHER  THE  STARTING  MATERIAL  HAS  BEEN  OXiOtfED.  P.  EDUCED,  OR  NEITHER: 


X 


RO  OH 


13.4  Drawing  a  Mechanism,  and  Predicting  the  Products  of  Hydride  Reductions 


13.5  Preparing  an  Alcohol  via  a  Grignard  Reaction 


IDENTIFY  REAGENTS  THAT  CAN  ACHIEVE  EACH  OF  THE  FC\.  L  0  WIN  0  TRAW&FQRMA  TSONS 


Ph 


0  ^ 

Ph"     Me     2)  Q 
O 

Me  Et 


OH 


El 
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13,6  Proposing  Reagents  for  the  Conversion  of  an  Alcohol  into  an  Alkyl  Halide 


13.7  Predicting  ihe  Products  of  an  Oxidation  Reaction 


DRAW  THE  EXPECTED  PRODUCT  OF  THE  FOLLOW  )NQ  REACTION 

Cf03 


H30+ 
acetone 


1 3*8  Co n v ert ing  F unci ional  G roups 
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13.9  Proposing  a  Synthesis 

AS  A  GUIDE  FOR  PROPOSING  A  SYNTHESIS.  ASK  THE  FOLLOWING  TWO  QUESTIONS: 
))  IS  THERE  A  CHANGE  IN  THE   SKELETON? 

2)  IS  THERE  A  CHANGE  IN  THE  LOCATION  OR  IDENTITY  OF  THE   ? 

AFTER  PROPOSING  A  SYNTHESIS.  USE  THE  FOLLOWING  TWO  QUESTIONS  TO  ANAL  YZE  YOUR  ANSWER: 

})  IS  THE  OUTCOME  OF  EACH  STEP  CORRECT? 

2J  IS  THE  OUTCOME  OF  EACH  STEP  CORRECT? 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  thai  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  13.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 

Preparation  of  Alkoxides 

ROH   -  RoP  Na® 

H  ♦  ♦ 

Preparation  of  Alcohols  via  Reduction 


O  O 

v 

H 


Ah  *  ftVh 


^  OH 

R-JR  R  R 

\  s* 


O 


Preparation  of  Alcohols  via  Grignard  Reagents 
O  OH 

A   A 

R 

O    OH 

OMe  R-^R 


OH       +  MeOH 
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Protection  and  Dc protection  of  Alcohols 


R-OH  R-O-TMS 


SnI  Reactions  with  Alcohols 

Ft  : 

SN2  Reactions  with  Alcohols 


R^OH   ^        R^X       +  H20 

R  R 


OH  Br 

A/   A 


OH  CI 

A/  A 


El  and  E2  Reactions  with  Alcohols 


J^OH   ^       \^  + 

J)— OH   ^  J^OTs   


H20 


Oxidation  of  Alcohols  and  Phenols 


OH  O 

X   IL 

R      R  R  R 
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Solutions 


13.1. 

a)  5 ,5-dibromo-2-methylhexan-2-ol 

b)  (2S,3fl)-23,4-trimethylpentan- 1  -oJ 

c)  2,2,5,5-tetramethylcyclopentanol 

d)  2,6-diethylphenol 

e)  ($)- 2 ,2 ,4,4 -tetramet  hy Icy c  loh  e  x  anol 


13,3.  Nonyl  mandelate  has  a  longer  alky  I  chain  than  octyl  mandelate  and  is  therefore 
more  effective  at  penetrating  cell  membranes,  rendering  it  a  more  potent  agent.  Nonyl 
mandelate  has  a  shorter  alky]  chain  than  dec y J  mandelate  and  is  therefore  more  water- 
soluble,  enabling  it  to  be  transported  through  aqueous  media  and  to  reach  its  target 
destination  more  effectively. 
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a) 


..G  0 

O:  Na 


b) 


c) 


d) 


:oh 


OH 


NaH 


O;  Na 


:o:  Li 


:oh  ;o: 

<6  —  6 


:o:  N«- 


13.5. 


F  F 


a) 


The  electron- withdrawing  effects  of  the  fluorine  atoms  stabilize  the  conjugate  base. 


The  conjugate  base  of  a  primary  alcohol  will  be  more  easily  solvated  than  the  conjugate 
base  of  a  tertiary  alcohol. 


CI 

Ok    ^  OH 
c)  CI 

The  electron-withdrawing  effects  of  the  chlorine  atoms  stabilize  the  conjugate 


d)  ^  OH 

The  conjugate  base  is  more  highly  stabilized  by  resonance,  with  the  negative  charge 
spread  over  two  oxygen  atoms,  rather  than  just  one  oxygen  atom. 
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The  conjugate  base  is  stabilized  by  resonance. 

13.6,    2-nitrophenol  is  expected  to  be  more  acidic  (lower  p/Q  because  the  conjugate 
base  has  a  resonance  structure  in  which  the  negative  charge  is  spread  onto  an  oxygen 
atom  of  the  nitro  group,  shown  beJow.  In  contrast,  3-nitrophenol  does  not  have  such  a 
resonance  structure: 
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13.8 


13.9. 

a)  (+2)  ->  (+2).  The  starting  material  is  neither  oxidized  nor  reduced. 

b)  (+1)  ->  (+3).  The  starting  material  is  oxidized. 

c)  (+3)  ->  (-1).  The  starting  material  is  reduced. 

d)  (+3)  ->  (+3).  The  starting  material  is  neither  oxidized  nor  reduced. 

e)  (0)  ->  (+2).  The  starting  material  is  oxidized. 

f)  (+2)  ->  (+3).  The  starting  material  is  oxidized. 

13.10.  One  carbon  atom  is  reduced  from  an  oxidation  state  of  0  to  an  oxidation  state  of 
-1,  while  the  other  carbon  atom  is  oxidized  from  an  oxidation  state  of  0  to  an  oxidation 
state  of  +  1.  Overall,  the  starting  material  does  not  undergo  a  net  change  in  oxidation  state 
and  is,  therefore,  neither  reduced  nor  oxidized. 

13.11.  One  carbon  atom  is  reduced  from  an  oxidation  state  of  0  to  an  oxidation  state  of 
-2,  while  the  other  carbon  atom  is  oxidized  from  an  oxidation  state  of  0  to  an  oxidation 
state  of  +2.  Overall,  the  starting  material  does  not  undergo  a  net  change  in  oxidation  state 
and  is,  therefore,  neither  reduced  nor  oxidized. 


13.12. 

a) 


h-aH-h 


l 

H 
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13.13. 


13.14. 

a) 

1)  MeMgBr 


H  2)  H20  \^  OH 

0        1)  PrMgBr  ^S* 

S  * -H      2)  H20 


b) 

1)  MeMgBr 


2)  H20  X  \  OH 


9       1)  PrMgBr 

^     "     2)  H20 

c) 

O         1)  PrMgBr 
H^H      2)  H20 


OH 
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13*15  Each  of  the  following  two  compounds  can  be  prepared  from  the  reaction  between 
a  Grignard  reagent  and  an  ester,  because  each  of  these  compounds  has  two  identical 
groups  connected  to  the  a  position: 

Me  OH 

The  other  four  compounds  from  Problem  13.14  do  not  contain  two  identical  groups 
connected  to  the  a  position,  and  cannot  be  prepared  from  the  reaction  between  an  ester 
and  a  Grignard  reagent. 
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13.16  Each  of  the  following  three  compounds  can  be  prepared  from  the  reaction 
between  a  hydride  reducing  agem  fNuBJ-L  or  LAH)  and  a  ketone  or  aldehyde,  because 
each  of  these  compounds  has  a  hydrogen  atom  connected  to  the  a  position: 


The  other  three  compounds  from  Problem  13. 14  do  not  contain  a  hydrogen  atom 
connected  to  the  a  position  and,  therefore,  cannot  be  prepared  from  the  reaction  between 
a  hydride  reducing  agent  (NaBHi  or  LAH)  and  a  ketone  or  aldehyde. 

13.17. 


In  this  case,  H$0+  must  be  used  as  a  proton  source  because  water  is  not  sufficiently  acidic 
to  pro  ton  ate  a  phenolate  ion  (see  Section  13.2,  Acidity  of  Alcohols  and  Phenols). 


13.18. 

a) 
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b) 

HO' 


o 

(0.5  equivalents) 
3)  H20 


TBAF 


TMSO 


OTMS 


13.19. 

a) 


OH 


1)  TsCI>  py 
/   2)NaBr  \ 


V 


J 


Br 


c) 

1)  TsCL  py 
?  /   2)NaCI      \  / 

[^>-OH  Q  CI 

\     SOCI2  / 

py 
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d) 

1)TsCI,  py 
f  /   2)NaBr  \ 

Q-QH  0""Bf 
\      PBf3  / 


e) 

1)TsCl  py 

,  /   2)NaCt      \  : 

\  soci2  y 

py 


ci 


1)  TsCI,  py 

2)  NaBr  \ 

HBr  ......  .... 

"OH   ^  "'  Br 


\      PBr3  / 


13.20. 


r>0H  1>TsCliPy  >  r>  i     NaCI  - 

^ 7  2)  Nal  ^ 


13.21. 
a) 

Vj OH  H2SQ4 


[>oh  1)TsClpy  .  r> 

W  2)  NaOEt  ^ 
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13.22. 

"H'°  <  K        °>  <H 

\ — /      h      CH2C!2         H      V    /  H 


f) 

/  H2S04 ,  H20  ky^U 


13.23. 

a) 

1,Na0H         -  xsJtH 


2)  PCC,  CH2CI2 


b) 

1)  BH3*THF 


O 
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c) 

1)  dilute  H2S04 
/  2)  Na2Cr207,  H2S04  ,  H20  \^  0 

1)Br2 
\    2)  xs  NaNHg 

3)  H20 

4)  H2S04l  H20,  HgS04 


1)Hg(OAc)2,  H20 
2}  NaBH4 

/  3)  Na2Cr207l  H2S04  t  H20  \^  Q 


1)Br2 
\  2)xsNaNH2 

3)  H20 

4)  H2S04,  H20,  HgS04 


13.24. 

a) 


fj%  Lindlar's  Catalyst 
/  2)  BH3.THF  ~~\^ 
3)  H202,  NaOH 

1)9-BBN 
\     2)  H2Q2l  NaOH 

3)  LAH 

4)  H20 


H2S04l  heat 

/  \ 

.  2)xsNaNH2  <r 

\1)TsCI,py   /  3)H2q 

2)  (-BuOK 
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1 )  BH3*  THF 

2)  H2Q2;NaQH 
 *~ 

3)  PCC;  CH2CI2 

c) 

1 )  H2S04,  heat 

/  2)  H2l  Pt  \ 

OH     \i)TsCI,py  / 

2)  NaOEt 

3)  H2>  Pt 


O 


1)  LAH 

2)  H20 


H2S04;  heat 


OH 


f 


\1)TsCtlPy  / 
2)  f-BuOK 


Y 


1)  L*H 

2)  H20 


H2S04,  heat 

OH  / 


\1)TsCI,py  / 
2)  NaOEt 


13.25. 


OH 


H2S04>  heat 


f 


\ 


\i)TsCI,py  / 
2)  NaOEt 

13.26. 

H3S04,  heal 
/  \ 

\DTsCllPy  / 
2)  NaOEt 


1)  BH^THF 

2)  H202;  NaOH 


OH 
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13.27. 


1)  EtMgBr 
O        2)  H2G 


3)  Na^C^Cy , 
a)  "       H2SO4 ,  H2O 


1)  MeMgBr 

2)  H2Q 


3)  Na2Cr207  t 
h)  H2S04,H20 


13.28. 

a) 


_1)Bra 
/  2)  xs  NaNH2 
7  3)H20 


\l)BH3>THF 
2)  H2Q2l  NaGH 


1)  9-BBN 
L\2)  H202>  NaOH 


H  IjMeMjgBr 


PGC 

OH  CH2CI2 


2)  H,0 

3)  Na2Cr2G7l 
H2SO*  H20 


b) 


1)  NaNH2 


2) 


1)  9-BBN 


2)  H2021  NaOH 


H 

1)  EtMgBr 

2)  HsO 

3)  Na2Cf207  , 
H2SQ4  ,  H20 


c) 


1)  EtMgBr 

2)  H2Q 


3)  Na2Cr207 , 
H2SO4  ,  H20 
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OH 


1)  TsCL  py 

2)  f-BuOK 


1)  BH^THF 

2)  H202>  NaOH 


1)  MeMgBr 

2)  H2Q  

3)  Na2Cr207 , 
H2S04 ,  H20 


OH 


o 


1)  9-BBN 


2)  H202,  NaOH 


1)  MeMgBr 

3)  Na2Cr207  p 
H2S04 ,  H20 


f) 

1)  Na2Cr207 , 
OH  H2SQ4>H2Q  OH 

^>      2)  MeMgBr  ^> 
3)  H20 


13.29. 

a) 

0  1)  MeMgBr  ^H 

^  "H  2)H20  ^ 


^  Br 


H-C=cr  Na 


1)  Mg 


2)  I 
^H 

,3)  H20 


H2 


dilute  H2S04 


r 


Lindlar's 
Catalyst 


\  H2SQ4!  H2Q^ 
HgS04 


1)  LAH 

o 


OH 
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c) 


A    ©  7  Catalyst 

H-CECr  Ma 
—Br   - 


H2  1)  HBr,  RQOR 

/    Lindter'3  *         ^     ^)T^  \ 
/     Catalvst  X 


\1)9-BBN  I?         1)LAH  / 
 '               ■     H  2)H20 


2)  H202,  NaOH 


d) 


1J9-BBN 
S%     2)  H202,  NaOH* 

1)  lSfaNH2 

2)  EtBr 


1)  EtMgBr 

2)  H20 


LAH 

2)  Hp 


13.30. 

a)  2-propyl-l-pentanol 

b)  (tfJ-4-methyl-2-pentanol 

c)  2-bromo-4-melhy]phenoI 

d)  (,//?P2i?}-2"methylcyclohexanol 

13.31. 


a) 


cc 


.OH 
OH 
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T 

OH 


e)  OH 


f)H° 


13.32. 


OH  ,  OH 

X 

1-butanol  2-butanol  2-methyl-2-propanol  2-me%l-1-propanol 


13.33. 

a) 


Increasing  acidity 


CI  „,  CI     Ci  _. 

,CI  Gkj.  iJX 

y      "Vvi  ci-^y  "ci 

OH  OH  OH 


b) 

Increasing  acidity 


OH  OH  OH 


c) 

Increasing  acidity 


cr  a0H  a: 
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13,34. 


a) 


13.35. 

a)  1  - bromobutane       b )  1  -c h  1  oro bu tan e       c )  1  - ch lorob utane       d )  tra ns -2-butene 


CHAPTER  13 

b) 

OH    Na,Cr,Q7  ^  0 
H2S04  \  H20  -^-^OH 


c) 


OH 


1)  PCC,  CH2CI2 

2)  EtMgBr 

3)  H20 


1)PCC,CH2CI2 
0H     2)  EtMgBr 
3)H20 


4)  Na2Cr207,  H2S04  ,  H20 

5)  MeMgBr 

6)  H20 


OH 


e) 


QH  1)PCC,CH2CI2 
2)  PrMgBr 


3)  H20 

4)  Na2Cr207,  H2S04  ,  H20 


13.38. 

a) 

L  -==^ — -  ^r°H 


-MgBr 


H^h  2)H20 
b) 


1)  MeMgBr 

2)  H20 


1)  PrMgBr 

2)  H20 


1)  <QKMgBr//< 


2)  H20 


OH 
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c) 


o 


1)  EtMgBr 

2)  H20 


1)  PrMgBr 

2)  H20 


a) 


1 )  EtMgBr 

2)  H2Q  

3)  Na2Cr207  p 
H2S04  ,  H20 
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b) 

1)  LAH 


13*42.  The  major  product  is  1  -methylcyclohexatiol  (resulting  from  Markvonikov 
addition),  which  is  a  tertiary  alcohol  Tertiary  alcohols  do  not  generally  undergo 
oxidation.  The  minor  product  (2-methylcyciohexanol)  is  a  secondary  alcohol  and  can 
undergo  oxidation  to  yield  a  ketone. 

13.43. 


Compound  A  Compound  B  Compound  C 
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13.44. 


O 


OH 


H  IJMeMgBr 


2)  H2Q 


Na2Cr207 
H2S04l  H20 


1)  PhMgBr 


2)  H20 


1)TsCI>py 
r  2)  f-BuOK 


1)  BH3«THF 

2)  H202;  NaOH 


cro 


1)Mg 


PCC 

CH2CI2 


o 

2)  ; 
H^H 


3)  H20 


13.45. 


OH 


1)  TsCI 

2)  NaOEt* 


Na2Cr2Q7 
H2S04)  H.O* 


O 


1)  HBr,  ROOR 

2)  Mg 

1)  PrMgBr 

2)  H20 


OH 
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13,46. 

a) 
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b) 


;OH 


— *  p— Br  : 


:Br: 


+  ^:Br:   


:Br; 


+  PBr2OH 


H— aP-H 


,-..© 
OH? 


>0' 


H  \*  H 

.^■T-H   '•■ 

H 


:0" 


13.48. 


a) 


JH       Na2Cr207^  | 

^    ^     H2S04;  H20  — ^ 


b) 


OH 


PCC 


CH2CI2 


0 

i) 


c) 


YiOH  PCC 

CH2CI2 


o 


d) 


OH 


Na2Cr207 
H2S04>  H20 


sOH 


e) 


1)  LAH 

H  2)  H20 


OH 


O        1)  LAH 

2)  H20 


OH 


13.49 

a) 

0 


1)  03 

2)  DMS 


HO,. 


3)  Excess  LAH  0H 

4)  H20 
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b) 

UQa 

2)  DMS 

3)  Excess  LAH 

4)  H20 


o 


c) 

D03 

,  ,  2)  DMS 

Q   ^ 


3)  Excess  LAH  ^  ^  OH 

4}  H20 


1)  EtMgBr 

2)  H20 


3)  Na2Cr207 ,  H2S04 

4)  EtMgBr 

5)  H20 


H2Q 


1)  LAH 

2)  H20 


3)  TsCI ;  pyridine 


OTs 


0 


o 


1)  H30+ 

2)  Na2Cr207 , 


3)  PhMgBr 

4)  H20  Ph°H 
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b) 


CHAPTER  13 


1)  MeMgBr 

2)  H20 


3)  Na2Cr207  ,  H2S04  ,  H20 


1)  LAH 

2)  H20 


3)  TsCL  py 

4)  NaOEt 


1)  LAH 

2)  H2Q 

3)  TsCL  py 

4)  NaOEt 

5)  03 

6)  DMS 


1)  MeMgBr 

2}  H20  f^%^k^ 


3)  TsCI,  py 

4)  f-BuOK 


1 ) NaOH 


2)  PCC,  CH2CI2 


O 


1)  NaOH 

2)  FCC,  CH2CI2  

3)  MeMgBr  ' 

4)  H20 

5)  Na2Cr207  p  H2S04  ,  H20 
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g) 


0 1)  dilute  H2SQ4   r^f^° 
2)  Na2Cr207  ,  H2S04  ;  H20  L^J 


1)  dilute  H2S04 


0 2)  Na2Cr2Q7  ,  H2S04  ,  H20 
3)  MeMgBr 


4)  H20 


i) 


1)  dilute  H2S0, 


4 


2)  Na2Cr,07 1  H2SQ4  ,  H20  ^  r^V"" 
k^J     3)  MeMgBr  " 
4)  cone.  H2SG4l  heat 

J) 

OH 

^       1)HgS04;H2S04,  H20  ^ 
2)  MeMgBr 
3}  H20 


k) 


1)  dilute  H2S04 

2)  Na2Cr207,  H2S04,  H20 

3)  MeMgBr 

4)  H20 


I) 

O 


1)  EtMgBr 

2)  H20 


OH 
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II) 

O 


1JLAH 

2)  H20 


3)  TsCf,  Et3N 

4)  f-BuOK 


o) 

0  1)LAH 

1  2)  H2Q 


HO 


P) 

O 


3)  TsCI,  Et3N 

4)  f-BuOK 

5)  BH3*THF 

6)  H202,  NaOH 


1)  MeMgBr 

2)  H2Q  

3)  cone.  H2S04,  heat 


q) 


O  1)  EtMgBr  OH 

2)  H20 


r) 

O 


s) 


1)  LAH 

2)  H20 

3)  PBr3 


1)  BH3  THF 


2)  H202,  NaOH 

3)  PCC,  CH2CI2 

4)  MeMgBr 

5)  H20 
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13.53. 


13.55. 


13.56. 


13.57 

V 


h-aKh 
I 

H 


ho: 


V 

\0+ 


H 


0  hMu-h 


A" 
ho: 


r  H 


H 

H-A^H 
I 

H 


^*  ♦ 

:o  h 
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13,58 


9: 


H-oY  MgBr  tjy  \ 


:o-. 


CH3 


H-Cr  MgBr 


0. 


\  ^CH3 

ho:  ch3 


:o  ch3 

CH3 


H-C 
H 


fey  © 

MgBr 


9p  CH3 
'^X-CH3 


13.59 


JL 


1)  Br£>  /iv 


2)  NaOMe 


1)  BH3*THF 

2)  H202,  NaOH 

3)  Na2Cr207!  H2S04,  H20 


1)  MeMgSr 

2)  H20 


Pt 


cone,  H2S04 
heat 
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13.60. 


H 


I- 

H-Al^H 
I 

H 


..o 


CH30: 


P 


^O-f  H  — 
f 

h-aI^-h 

I 

H 


GH30P 


H 


-of 


H-AI— H 

I  v 

H 


13.61. 

ho:   :oh  h^o-s-o-h 

/  o 


ho:    :ol  h 


h5o 


ho: 


0 


methyl 
shift 


9-f 


ho:  . 


13.62.  One  carbon  atom  is  oxidized  from  an  oxidation  state  of  + 1  to  an  oxidation  state 
of  +2,  while  the  other  carbon  atom  is  reduced  from  an  oxidation  state  of  +1  to  an 
oxidation  statu  of  0,  Overall,  the  starting  material  does  not  undergo  a  net  change  in 
oxidation  state  and  is,  therefore,  neither  reduced  nor  oxidized. 


Chapter  14 
Ethers  and  Epoxides; 
Thiols  and  Sulfides 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  1 4.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  Ethers  are  often  used  as  for  organic  reactions. 

•  Cyclic  po  I  ye  tilers,  or  ethers,  are  capable  of  solvating  metal  ions  in 

organic  (non polar)  solvents. 

•  Ethers  can  be  readily  prepared  from  the  reaction  between  an  alkoxide  ion  and  an 

 ,  a  process  called  a  Williamson  ether  synthesis.  This 

process  works  best  for  or  alkyl  halides. 

  alkyl  halides  are  significantly  less  efficient,  and 

  alkyl  halides  cannot  be  used. 

•  When  treated  with  a  strong  acid,  an  ether  will  undergo  acidic  in 

which  it  is  converted  into  two  alkyl  halides. 

•  When  a  phenyl  ether  is  cleaved  under  acidic  conditions,  the  products  are 
 .  and  an  alkyl  halide. 

•  Ethers  undergo  autooxidation  in  the  presence  of  atmospheric  oxygen  to  form 

•  Substituted  oxiranes  are  also  called  _. 

■   can  be  converted  into  epoxides  by  treatment  with  peroxy  acids 

or  via  halohydrin  formation  and  subsequent  epoxidation. 

•  catalysts  can  be  used  to  achieve  the  enantioselective  epoxidation 

of  ally  lie  alcohols. 

•  Epoxides  will  undergo  ring-opening  reactions  in:  I )  conditions  involving  a 

strong  nucleophile,  or  under  2)  -catalyzed  conditions.  When  a  strong 

nucleophile  is  used,  the  nucleophile  attacks  at  the  -substituted  position. 

•  Sulfur  analogs  of  alcohols  contain  an  SH  group  rather  than  an  OH  group,  and  are 
called  . 

•  Thiols  can  be  prepared  via  an  SN2  reaction  between  sodium  hydrosulfide  (NaSH) 
and  a  suitable   . 

•  The  sulfur  analogs  of  ethers  (thioethers)  are  called   . 

•  Sulfides  can  be  prepared  from  thiols  in  a  process  that  is  essentially  the  sulfur 

analog  of  the  Williamson  ether  synthesis,  involving  a  ion,  rather 

than  an  alkoxide. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  14.  The  answers  appear  in  the  section  entitled 
SkillBuilder  Review. 


14*1  Naming  an  Ether 


PROVIDE  A  SYSTEMATIC  NA  ME  FOR  THE  FClLOV.W,  ';0\U'C>..->\C 


t)  IDENTIFY  THE  PARENT 
Z)  IDENTIFY  AMD  NAME  SUBSTtTUENTS 
3f  ASSIGN  LOCANTS  TO  EACH  SUBS TlTUENT 
4)  ALPHABETIZE 
5,/  ASSIGN  CONFIQURA  TlON 


14*2  Preparing  an  Ether  via  a  Williamson  Ether  Synthesis 


14*3  Preparing  Epoxides 


14*4  Drawing  the  Mechanism  and  Predicting  the  Product  of  the  Reaction  between  a  Strong 
Nucleophile  and  an  Epoxide 


COMPLETE  THE  MECHANISM  BELOW  BY  DRAWING  ALL  CURVED  ARROWS.  INTERMEDIATES  AND  PRODUCTS. 


o 

H 


NaCN 


H20 
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14.5  Drawing  the  Mechanism  and  Predicting  the  Product  of  Acid-t  atalv/cd  Ring-Opening 


COMPLETE  THE  MECHANISM  BELOW  BY  DRAWH-SQ  ALL  CURVED  ARROWS.  tNTERME&lA TES  AND  PRODUCTS. 


Me  H 


H-0SO3H 


EtOH 


EtOH 


14.6  Installing  Two  Adjacent  Functional  Groups 


!L>E.\>TiF?  Wr!£!hER  EACR  R:nC  OPENiNC  REACTION  BELOW  W£i.^".'?t5  ACiD'C  COw: .'  <t>.VS  tin  *A$!£  CC.'vDtTtONS: 


Rx  MCPBA  A 

*}          *i  x  - 


J  J 


HO 


R  OH 

X 


14.7  Choosing  the  Appropriate  Grignard  Reaction 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  14.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 

Preparation  of  Ethers 

Williamson  ether  synthesis 

R-OH   ^  R-O-R 

A  Ikoxym  e  reu  ra  tion  -deme  rcu  ra  tion 


R       H  RO  H 
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Reactions  of  Ethers 

Acidic  cleavage 
R-O-R 


R-X 


R-X      +  H*0 


<^^^OH    +      R  X 


Autooxidation 


OOH 


Preparation  of  Epoxides 


H  H 

>=< 

R  R 


CfS 


>  o 

/ 


R  R 

els 


Enantioselcctivc  Ep oxidation 


a 

R  ^OH 


O 

A 

R  —OH 


Ring-Opening  Reactions  of  Epoxides 

Strang  Nucfeophtfe 


Acid-Catalyzed 


OH 


OH 


OH 


OH  HO 

I 

r 


HO      /  HO 


OH 


Mr. 


OR 


CHAPTER  14 


Thiols  and  Sulfides 

Thiols 


Br  SH 

X.   *~  x_ 

Ri      R^  Ri  R^ 


/-  \ 

RSH    +     RSH  R-S-S-R 

\  / 


Sulfides 

R-SH   *-  R-S-R 


Me 

R    %   *       R'-^R      +  X 


O  O 
.  .  ii 

^S'   ^      „A«   ^  R-S-R 

R      R  R  **  R  I 


Solutions 


14.1. 

a)  2-ethoxypropane 

b)  (5)-2-chloro- 1  -ethoxypropane 

c)  2,4-dichloro-l  -ethoxybenzetie 

d)  (/#,2/0-2^ethoxycyclohexano] 
c)  1-ethoxycyclohexetie 


14.2. 

a) 


V 
b) 
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143. 

Common  names  in  parentheses: 


1~methoxy  butane 
(butyl  methyl  ether) 


2-methoxybutane 
(sec-butyl  methyl  ether) 


Chirality  center 


1-ethoxypropane 
(ethyl  propyl  ether) 


2-ethoxy  propane 
(ethyl  isopropyl  ether) 


-v 


1  -methoxy-2-methylpropane 
(isobutyl  methyl  etherj 


2-methoxy-2-methylpropane 
(terf-butyl  methyl  ether.) 


14.5. 

aj  A  Williamson  ether  synthesis  will  be  more  efficient  with  a  less  sterically  hindered 
substrate,  since  the  process  involves  an  SN2  reaction.  Therefore,  in  this  case,  it  is  better 
to  start  with  a  secondary  alcohol  and  a  primary  alkyl  halide,  rather  than  a  primary  alcohol 
and  a  secondary  alkyl  halide: 
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b)  In  this  case,  it  is  better  to  start  with  a  secondary  alcohol  and  a  primary  alky]  halide, 
rather  than  a  primary  alcohol  and  a  secondary  alkyl  halide: 


HO' 


21 C^' 


c)  In  this  case,  it  is  better  to  start  with  a  tertiary  alcohol  and  a  methyl  halide,  rather  than 
methanol  and  a  tertiary  alkyl  halide: 


OH       i)Na  f^X-OMe 


2)  Mel 


14A 

CI 


14.7.    No.  The  Williamson  ether  synthesis  employs  an  Sn2  process,  which  cannot  occur 
readily  at  tertiary  or  vinylic  positions.  Making  this  ether  would  require  at  least  one  of 
these  two  processes,  neither  of  which  can  be  used. 

148. 

a) 


1)Hg(OAc)aiEtOH  \pEt 
^       2)  NaBH4 


b) 


OH  j 
I  1)Hg(OAc)2,  A,  \p\ 

2)  NaBH4 


c) 


a  i 


)  Hg(OAc)2,  MeOH  /-X^-OMe 
NaBH4  \ — i 


d) 

•fa 


(J 


1)  Hg(OAc)2, 

2)  NaBH4 
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14.9. 

dilute  H2S04 


1410. 

^  DBH3.THF 


2)  H202l  NaOH 


1)  Hg(OAc)£,  ^  ^0 

2)  NaBH4 


d) 


CHAPTER  14 


>  HI 


(racemic  mixture) 


a 


HBr 


o 


+     EtBr     +  H20 


14.12. 

a)  2-methy]- 1 ,  2- e poxy propane  or   1 J -dimethyl  ox  irane 

b)  1 , 1  -diphenyl- 1 ,2-epoxyethane  or   1 ,1-diphenyJoxirane 

c)  1 ,2-epoxycyclohexane 

14.13. 

a)  (S)- 2 -ph enyl-1 ,2 -epo x y propane  or    (5)- 1 -methyl- 1 -p hen ylox irane 

b)  (3R, 4R)-3A-z pox y hepi an e  or  (/tf,2tf)-i-ethyl-2-propyloxirane 

c)  {2j?,.?S)-4~methy]-23-epoxypentane  or    (75,2/0-1 -isopropy]-2-methyloxirane 


MCPBA 


MCPBA 


O^H  M 


O 

/  V'H 
Me 


\_— -^  Me 


/  MCPBA 

\    >   " 
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14,15.    This  process  for  epoxide  formation  involves  depro  to  nation  of  the  hydroxyl 
group,  followed  by  an  intramolecular  S\2  attack,  The  S\2  step  requires  back-side  attack, 
which  can  only  be  achieved  when  both  the  hydroxyl  group  and  the  bromine  occupy  axial 
positions.  Due  to  the  steric  bulk  of  a  tert-butyl  group,  Compound  A  spends  most  of  time 
in  a  chair  conformation  that  has  the  ten- butyl  group  in  an  equatorial  position.  In  this 
conformation,  the  OH  and  Br  are  indeed  in  axial  positions,  so  the  reaction  can  occur  quite 
rapidly.  In  contrast.  Compound  B  spends  most  of  its  time  in  a  chair  conformation  in 
which  the  OH  and  Br  occupy  equatorial  positions.  The  SN2  process  cannot  occur  from 
this  conformation. 


1416. 

a) 


Ti[OCH(CH3)2]4 
W-DET 


or 


OH 


O-O-H 


-OH 


OH 


Ti[GCH(CH3)2]4 
(-)-DET 


Ti[OCH(CH3)2]4 
W-DET 


X 


OH 


O-O-H 


OH 


OH 


Ti[OCH(CH3)£]4 
(-)-DET 


14.17. 
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b) 


0  ^'6: 

Me 


Me 


H  \f  H 


Me 


c) 


T 

Me 


OH 


d) 


H 


H-AI—H 


Me 


..O 
Me 


:o: 


H\*  H 


;OH 


•9s. 


H 


TE,'  !^e 


:sh 


:o:  H 


fV'H- 


Me  H"\?~"H 


ho:  h 
Et  :sh 


n 


!  Et     [  Me 


OH 


chirality 
centers 


14,18.  The  reaction  yields  a  meso  compound,  regardless  of  which  electrophilic  position 
is  attacked  by  hydroxide. 

O  NaOH  HO^      Me  HO  OH 

Me^Me  H20       *       M/~^0H   ^  Me^Me 

meso 
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1419. 

p  NaQH  HO       Me  Me  OH 

Me^^Me  ^  „>^L    +  ltJ^{. 


Me       OH  HO  Me 


OH  OH 

OH  OH 

v  v  ' 

enantiomers 

14.20. 

a) 

 ^A"    +    — \ 

V       J  :ci: 


b) 

.b/"""'H^Br:  ©J.  ..0  :oh 

Zl    'xL  +  :?.r:   **  ../ — (""H 

^Me  V^JMe  :Br  Me 


C) 
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d) 


Et  Me 


H 

u^ik  Vh  /  _  it 

Et  \Ue  j 


Me,, 


Et  :oh 


©W 


Me. 


Et  :oh 


HO!  Me 


Me  VJVMe  /  ^e^p-,  Me 

  ® 

| 

MeOH 
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14.21. 


14.22. 

Crv  o-sh 


b) 

(^y-Br      NaSH  „  (2)^SH 


Br 


NaSH 


14.23. 
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1424. 

a) 


1)  MCPBA 

2)  NaCN 

3)  H20 


HO 


H 


O 


1)  Br2l  hv 

2)  NaOEt 


1)  MCPBA 

2)  NaOH 

3)  H20 


1)  MCPBA 

2)  H30+ 


OH 

6 


.OH 


+  En 


1)  MCPBA 

2)  NaSH 

3)  H20 


dj 


1)  MCPBA 


2)  [HaSOJ,  H2S 


SH 


OH 


1)  LAH 

2)  H20 


Na2Cr2Q7 
H2S04l  H£o' 
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14.25. 

fBuOK  1)MCPBA  u_ 

^   "    ^        2,H30*       "  ^™ 


14.26. 

a) 

a 


1)  Mg 

2)  A 


3)  H20 


OH 
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14.27. 


Undlar's 
Catalyst 


/  Br^^Br 

V>MCPBA  H0^nH 
2)  H3CT  0H 


NaH 


O 
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1428. 


H2  °S°4         un  1)Na(2eq)  uCO  ^ 

Lindlar*5  NMO  OH     2)  CH3I  (2  eq) 

Catalyst 


14*29. 

1)  MeMgBr  °H      PCC  °  1)EtMgBr  0 


3)  Na2Cr207l 
H2S04,  H20 


1)  EtMgBr 

2)  H20 


— \  O—^  1)  NaH  — ,  OH 

OC/       "      2)EtI  vX/ 


14.30 

a)  ( 1  Sf  2$)  - 1  -et  hox  y  -2- m  ethy  1c  y c  1  ohex  ane 

b)  (/?)-2-ethoxybutane 

c)  (S)^3-hexanethiol 

d)  ethyl  propyl  sulfoxide 

e)  (E) - 2 -el hox y-3-methy)-2 -  pe nte ne 

f)  1 ,2-dimethoxy  benzene 

g)  ethyl  propyl  sulfide 


14.31 

a) 


r--^\.----"°""----  HBr 

[     J   ^  J        *  CH3Br  +  H20 


b) 

HBr  r^-r-'OH 
 *"  |         +  CH3Br  +  H20 


c) 


H20 


-O  HBr 


CHAPTER  14 


1432 

Y 


1 -methoxypropane  2- methoxypropane  ethoxyelhane 

{methyl  propyl  ether)  (isopropyl  methyl  ether)  (d  iethyl  ether) 


14.33 

a) 

|^  1)  Hg(OAc)g,  EtOH  f^f* 

\J  2)  NaBH4  *~  K^J 


b) 


o 


1)  MCPBA  ^y*0H 


2)  MeOH;  [H2S04] 


c) 

1)Hg(OAc}2>    A  ^ 
O       2)  NaBH4  "  /X 


1434 

a) 

\  / 

Compound  A 

b)  Two  moles  of  Compound  A  are  produced  for  every  one  mole  of  1,4-dioxane. 
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C) 


H— i: 


,  .1  + 


{' 

I 


"h— i :  CA-H 


.0 


:i: 


■  i: 


i% — .  :  u 


-H20 


:i: 


/  H 


® J 

■*i  * 

H 


■i: 


h— r: 


14.35 


■H.O 


;o:. 

H  H 


14.36 


f  *  ft 

h-<oso3h 


H  /   HO^^^-^OH 


H 


c     o  - 


H03SO— H 


HO" 


OH 


1437 

a)  Neither  alkyl  group  (on  either  side  of  the  oxygen  atom)  can  be  installed  via  a 
Williamson  ether  synthesis.  Installation  of  the  tert- butyl  group  would  require  a  tertiary 
alkyl  halide,  which  is  too  sterically  hindered  to  serve  as  an  electrophile  for  an  SN2 
process.  Installation  of  the  phenyl  group  would  require  an  Sn2  reaction  taking  place  at  an 
sp~  hybridized  center,  which  does  not  readily  occur. 
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b)  Oxymercuration-demercuration  can  be  used  to  prepare  tert-bu\y]  phenyl  ether: 


1438  Ethylene  oxide  has  a  high  degree  of  ring  strain,  and  readily  functions  as  an 
electrophile  in  an  SN2  reaction.  The  reaction  opens  the  ring  and  alleviates  the  ring  strain. 
Oxetane  has  less  ring  strain  and  is,  therefore,  less  reactive  as  an  electrophile  towards  S\2. 
The  reaction  can  still  occur,  albeit  at  a  slower  rate,  to  alleviate  the  ring  strain  associated 
with  the  four  membered  ring.  THF  has  almost  no  ring  strain  (very  little)  and  does  not 
function  as  an  electrophile  in  an  Sn2  reaction. 


OH 


2)  NaBH4 


1439 


1)NaNH2 


2)  Mel 


Lindlar's 
Catalyst 


MCPBA 


MCPBA 


O 


O 


1440 
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C) 


1)  NaNH2 

2)  EtI 


1)  NaNH2 

2)  Mel 


1) 



LindlarHs 

Catalyst 
2)  MCPBA 


p 

Et  Me 


+  En 


1)  NaNHg 

2)  EtI 


1)  NaNH2 


1)  Na,  NH3 
 i» 

2)  MCPBA 


hTjpV"Et 
Et  H 


+  En 


1442 

a) 


b) 


1)  RC03H 

2)  MeMgBr 

3)  H20  °H 


Hg(OAc)2  p  MeOH 


2)  NaBH4 


OMe 
(racemic) 


c) 

1)  MCPBA 

~^aSH      *  ^""SH 
OH 
(racemic) 

m 

\  /  2)  EtCl  \  I 

3)  H20 

f) 

^y^a    1)  Mg;  diethyl  ether 
2)  ^ 

3}  H20 

g) 

3)  H20 

h) 

rXxv.-CI        1)  Mg,  diethyl  ether  /\^\X>H 
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1443 

a) 


c 


CHAPTER  14 


14.44 


14.46 


H  H 

I  I 
H-C-C 
i  i 
H  H 


q)  ® 

iy  MgBr 


f  Me 

Of 


El 

f  Me 


Et 


Et 


Me 


H  H 

i  i 
H-C-C 
i  i 
H  H 


Et 

|  Me,1 
-q 


P 


1447 

a) 


b) 


1)  Hg(OAc)2  ,  MeOH  OMe 


2)  NaBH4 


1)  Hg(OAc)2  ,  MeOH 

2)  NaBH4 


OMe 
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c) 


1)  Hg(OAc)a 


2)  NaBH4 


d) 


Or 


1)Hg(OAc) 


2  ■ 


2)  NaBH4 


14.48 

a) 


1)  NaNHj 

i  °u>  ' 

3)  H20 


1)  TMSCI,  Et3N 

2)  NaNHa 


3» 

4)  HeO 
5}  TBAF 


H2 
Lindlafs 
Catalyst 


b) 


1)  NaNH£ 
3)  H20 


1)  TMSCI,  Et3N 

2)  NaNH2 


3)  °l> 

4)  H20 

5)  TBAF 


HO 


H  ^ 


PCC 


CH2CI2 


„OH 


Pt 
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14.50 


O 


1)  Hg{OAc)2,EtOH 

2)  NaBH4 


HI 


heat 


+  EtI 

+  H20 


MCPBA 


©  © 


o 


2)  H20 


1)  NaSH  ^  ^^GH 

2)  H20  f  T 


a; 


OH 


+  En 


+  En 


SH 
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1451 

a) 

MCPBA  1)MeMgBr 

^   ^5 — - 

OH 


b) 

c) 


MCPBA 


1)  Mg 


3)  H20 


1)  MeMgBr 
2}  H20 


or 


Na2Cr2Q7 
H2S04,  HaO* 


SOCI2 

py 


■CI 


1)Mg 


2}K 

3)  H20 


SOCi2 

py 


%        DNaH  y 

-"VOH     2)  EtI 


OH    1 )  NaH  jrS^9S#^^H 
3)  H20 


1)  BH 


2)  H202,  NaOH  un      2)  EtI 


CHAPTER  14 


h) 

.       dilute  H2SO 4  1)NaH 

OH  0^ 


i) 

/  H2  MCPBA  n 

 ^   ^  +  En 


J) 


Ltndlar's 
Catalyst 


,A             H2                               MCPBA  n 
  /=\  


Lindlar's 
Catalyst 


k) 

/  Na  MCPBA 

:      >   R      +  En 


^  NH, 


1) 


Lindlar's 
Catalyst 


MCPBA 


1)  EtMgBr 

2)  H20 


OH 


m) 


OH 


HI 


O^ 


1)  NaOH 

2)  EtI 


n) 


1)Mg 


2)  ?> 

3)  H20 


OH 
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o) 

1 )  NaH 


2)  °> 

3)  H20 

P) 

1)Mg 


v  XI         o  OH 
3)  H20 

1)Mg  PCC  II 

3)  H20 

r) 

^^OH  [H,SQ4]  Qj^^^OH 


aUM       1)  NaH 
2)  °l><        "  ^ 


3)  H20 


u) 


  [      ho    +  En   -       [     T         +  En 


3)  MCPSA 
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14.52. 


14.53. 


14.54. 


14.55. 


14.56 


1J  LiAID4 
2)  H20 


14.57 


H  :o 


■G 


14.58     When  methyl  ox  irane  is  treated  with  H  Br,  the  regiochemicaJ  outcome  is 
determined  by  a  competition  between  steric  and  electronic  factors,  with  steric  factors 
prevailing  -  the  Br  is  positioned  at  the  less  substituted  position.  However,  when 
phenyloxirane  is  treated  with  HBr,  electronic  factors  prevail  in  controlling  the 
regioehemical  outcome.  Specifically,  the  position  next  to  the  phenyl  group  is  a  benzylic 
position  and  can  stabilize  a  large  partial  positive  charge.  In  such  a  case,  electronic  factors 
are  more  powerful  than  steric  factors,  and  the  Br  is  positioned  at  the  more  substituted 
position. 
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1459. 


1)  Br2,  hv 

2)  NaOEt 


1)  MCPBA 
2}  PrMgBr 

3)  H20 


1)  MCPBA 

2)  H30+ 


OH 


cone.  H2S04 
heat 


1460 


1)  Mg 


3)  H20 


OH 


cone.  H2SO4 
heat 


1)  MCPBA 

2)  PhMgBr 
j  3)  H2Q 


cone.  H2S04 
heat 


MCPBA 


4-  Enantiomer 


1461   Since  the  Grignard  reagent  is  both  a  strong  base  and  a  strong  nucJeophile, 
substitution  and  elimination  can  both  occur.  Indeed,  they  compete  with  each  other.  As 
we  discussed  in  Chapter  8,  elimination  will  be  favored  when  the  substrate  is  secondary. 
Both  e  I  ec  tropin  lie  positions  in  this  epoxide  are  secondary,  and  so,  elimination 
predominates: 


OH 
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Infrared  Spectroscopy  and  Mass  Spectrometry 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  15.  Each  of  the  sentences  below  appears  verbal im  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 


•  Spectroscopy  is  the  study  of  the  interaction  between  and  , 

•  The  difference  in  energy  (AE)  between  vibrational  energy  levels  is  determined 
by  the  nature  of  the  bond.  If  a  photon  of  light  possesses  exactly  this  amount 

of  energy,  the  bond  can  absorb  the  photon  to  promote  a  

excitation. 

•  IR  spectroscopy  can  be  used  to  identify  which  are 

present  in  a  compound. 

•  The  location  of  each  signal  in  an  IR  spectrum  is  reported  in  terms  of  a 
frequency-related  unit  called  _. 

■  The  wavenumber  of  each  signal  is  determined  primarily  by  bond  

and  the  of  the  atoms  sharing  the  bond, 

•  The  intensity  of  a  signal  is  dependent  on  the  ,  of  the  bond 

giving  rise  to  the  signal. 

•   C=C  bonds  do  not  produce  signals. 

•  Primary  amines  exhibit  two  signals  resulting  from  stretching 

and  stretching. 

•  Mass  spectrometry  is  used  to  determine  the  and 

 of  a  compound, 

•  Electron  impact  ionization  (EI)  involves  bombarding  the  compound  with 

high  energy  t  generating  a  radical  cation  that  is  symbolized 

by  (M  f  and  is  called  the  molecular  ion,  or  the  ion. 

•  Only  the  molecular  ion  and  the  cationic  fragments  are  deflected,  and  they  are 
then  separated  by  their  (m/z). 

•  The  tallest  peak  in  a  mass  spectrum  is  assigned  a  relative  value  of  100%  and  is 
called  the ,  peak. 

■  The  relative  heights  of  the  (M)+'  peak  and  the  (M+ 1  )+*  peak  indicates  the 
number  of  

•  A  signal  at  M-15  indicates  the  loss  of  a  group;  a  signal  at  M-29 

indicates  the  loss  of  an  group. 

•   alkanes  have  a  molecular  formula  of  the  form  CnH2n+2- 

•  Each  double  bond  and  each  ring  represents  one  degree  of  , 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below, 
in  your  textbook  at  the  end  of  Chapter  15, 
Skill  Builder  Review. 


To  verify  that  your  answers  are  correct,  look 
The  answers  appear  in  the  section  entitled 


15.1  Analyzing  an  IR  Spectrum 


STEP  1-LQOK  FOR  

BETWEEN  3fi(M  AND  IdfflJ 


STEP  2  -  L  OOK  FOR  

BETWEEN  2 !0C  AND 


CO  BONDS  PRODUCE  


 TRIPLE  BONDS 


C-C  BONDS  GENERA LL  Y  PRODUCE  

SIGNALS.  SYMMETRICAL  C-C  BONDS  DO 
NOT  APPEAR  AT  ALL 


DO  NOT  PRODUCE  SIGNALS 


STEP  3  -  LOOK  FOR  

BETWEEN  2/bO  AND  40G0 


_ BONDS 


GUIDELINES; 

OR  A  W  A  L  tNE  A  7  M;  '..'C  ANGLO  OK  FOR  _ 


_  C-H  BONDS  TO  THE  LEF  T  OF  THE  L  tNE 


THE  SHAPE  OF  AN  O-H  SIGNAL  IS  AFFECTED  BY 
 (DDE  TO  H-BONDING) 


PRIMARY  AMINES  EXHIBIT  TWO  N-H  SIGNALS 
i  AND   STRETCHING) 


15.2  Di  si  ing  uishi  n  g  T w  t>  C  oni  pou  nd  s  Us  ing  IR  S  pec  t  roseo  py 


STEP  i  -  WORK  METHODICALLY 
THROUGH  THE  EXPECTED 

OF  EACH 

STEP  2  -  DETERMINE  tF  ANY 

WILL  BE  PRESENT  FOR 

STEP  3  -  FOR  EACH  EXPECTED  StGNAL , 
COMPARE  FOR  ANY  POSSIBLE  DIFFERENCES  IN 
.OR 

ONE  COMPOUND  BUT  ABSENT  FOR 
THE  OTHER 

COMPOUND 

15*3  Using  the  Relative  Abundance  of  the  (\l+lf  Peak  to  Propose  a  Molecular  Formula 


STEP  1  -  FILL  IN  THE  SCXtS  BElOW  TO  COMPLETE  THE  FORMULA 
THAT  CAN  BE  USED  TO  DETERMINE  THE  NUMBER  OF  CARSON 
ATOMS  IN  A  COMPOUND  USING  MASS  SPECTROMETRY: 


abundance  of  i 


_j  Peak  \ 


abundance  of 


Peak 


CC-\: 


1.1  % 


STEP 2-  ANALYZE  THE  MASS  OF  THE 
MOLECULAR  tON  TO  DETERMINE  IF 
ANY  ARE 


ISA  Calculating  HDI 


STEP  t  -  REWRITE  THE  MOLECULAR  FORMULA  -AS  IF"  THE 
COMPOUND  HAD  NO  ELEMENTS  OTHER  THAN  C  AND  H.  USING  THE 
FOLLOWING  RULES: 

STEP 2-  DETERMINE  WHETHER  ANY  HS  ARE  MISSING. 

EVERY  TWO  H-S  REPRESENTS  ONE  DEGREE  OF  UNSATURA  TIQN: 

-  ADD  ONE  H  FOR  EACH 

C4HDCt   —  HDt-  

-  IGNORE  ALL  ATOMS 

CjtfflG   wxw-  

-  SUBTRACT  ONE  H  FOR  EACH 

C4HSN   HDI-  

Solutions 


15.1. 

Increasing  wavenumber  Increasing  wavenumber 



a)  C-H  C=C         C=C  b)  C-H  C-C 
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15.2. 


O 

[ower  wave  number 
(carbonyi  group  is  conjugated) 


(carbonyi  group  is  conjugated) 


higher  wavenumber 
(an  ester) 
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15,4,  The  C=C  bond  in  the  conjugated  compound  produces  a  signal  at  lower 
wavenumber  because  it  has  some  single  bond  character,  as  seen  in  the  third  resonance 
structure  below: 


:o: 


single-bond 
character 


15.5. 


a)  CI  The  presence  of  the  CI  will  cause  the  C=C  bond  in  this  compound  to  have 
a  larger  dipole  moment  than  the  C=C  bond  in  the  other  compound. 

v 

b)  CI       The  C=C  bond  in  this  compound  will  have  a  larger  dipole  moment  than  the 
C-C  bond  in  the  other  compound. 


15.6,  The  C=C  bond  in  2-cyclohexenone  has  a  large  dipole  moment,  as  can  be 
rationalized  with  the  third  resonance  structure  below: 

© 


15.7.  The  vinylic  C-H  bond  should  produce  a  signal  above  3000  cm"1. 


15.8.  The  narrow  signal  is  produced  by  the  O  H  stretching  in  the  absence  of  hydrogen 
bonding  effect.  The  broad  signal  is  produced  by  O-H  stretching  when  hydrogen  bonding 
is  present.  Hydrogen  bonding  effectively  lowers  the  bond  strength  of  the  O-H  bonds, 
because  each  hydrogen  atom  is  slightly  pulled  away  from  the  oxygen  to  which  it  is 
connected.  A  longer  bond  length  (albeit  temporary)  corresponds  with  a  weaker  bond, 
which  corresponds  with  a  lower  wavenumber. 


15.9. 

a)  ROH  b)  neither       c)  RCO.H       d)  neither       e)  ROH  f)  RC02H 
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15.10. 

a)  ketone        b)  RC02H      c)  R2NH         d)  RNH2        e)  ROH  f)  ketone 

15.11.    The  Csps — H  bonds  can  stretch  symmetrically,  asymmetrically,  or  in  a  variety  of 
ways  with  respect  to  each  other.  Each  one  of  these  possible  stretching  modes  is 
associated  with  a  different  waven umber  of  absorption. 


15.12. 


O 


15.13. 

1 )  The  O-H  bond  of  the  carboxylic  acid  moiety  (expected  to  be  2200  -  3600  cm  !) 

2)  The  vinylic  C-H  bond  (expected  to  be  -  3100  cm'1) 

3)  All  other  C-H  bonds  (expected  to  be  <3000  cm"1) 

4)  The  C=0  bond  of  the  carboxylic  acid  moiety  (expected  to  be  ~  1720  cm"1) 

5)  The  C=C  bond  (expected  to  be  ~  1650  cm1) 


15.14. 

a)  The  starting  material  is  an  alcohol  and  is  expected  to  produce  a  typical  signal  for  an 
O-H  stretch  -a  broad  signal  between  3200  -  3600  cm"1.    In  contrast,  the  product  is  a 
carboxylic  acid  and  is  expected  to  produce  an  even  broader  O-H  signal  (2200  -  3600  cm 
])  as  a  result  of  more  extensive  hydrogen  bonding.  Alternatively,  the  product  can  be 
differentiated  from  the  starting  material  by  looking  for  a  signal  at  around  1720  cm1.  The 
product  has  a  C=0  bond  and  should  exhibit  this  signal.  The  starting  material  lacks  a 
C=0  bond  and  will  not  show  a  signal  at  1720  cm'1. 

b)  The  starting  material  is  secondary  amine  and  is  expected  to  produce  a  typical  signal 
for  an  N-H  stretch  at  around  3400  cm'1.    In  contrast,  the  product  is  a  tertiary  amine  and 
is  not  expected  to  produce  a  signal  above  3000  cm*1. 
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c)  The  starting  material  is  an  unsym  metrical  alky  tie  and  is  expected  to  produce  a  signal  at 
around  2200  cm"1.  In  contrast,  the  product  is  an  unsymmetrical  alkene  and  is  expected  to 
produce  a  signal  at  around  1600  cm'1.  Also,  the  product  has  vinylic  C-H  bonds  that  are 
absent  in  the  starting  material.  The  product  is  expected  to  have  a  signal  at  around  3 100 
cm"1,  and  the  starting  material  will  have  no  signal  in  that  region. 


d)  The  C=C  bond  in  the  starting  material  and  the  C-C  bond  in  the  product  are  both 
symmetrical  and  will  not  produce  signals.  However  the  product  has  vinylic  C-H  bonds 
that  are  absent  in  the  starting  material.  The  product  is  expected  to  have  a  signal  at  around 
3 100  cm"1,  and  the  starting  material  will  have  no  signal  in  that  region. 


e)  The  starting  material  will  have  two  signals  in  the  double-bond  region:  one  for  the 
C=0  bond  and  one  for  the  C=C  bond.  The  product  only  has  one  signal  in  the  double- 
bond  region.  It  only  has  the  signal  for  the  C=0  bond,  which  is  now  at  higher 
wavenumber  because  it  is  no  longer  in  conjugation. 


15.15.  The  starting  material  has  a  cyano  group  (C=N)  and  is  expected  to  produce  a  signal 
at  around  2200  cm"  .  In  contrast,  the  product  is  a  carboxylic  acid  and  is  expected  to 
produce  a  broad  signal  from  2200  -  3600  cm"1,  as  well  as  a  signal  at  1720  cm"1  for  the 
C=0  bond. 


15.16.  The  C=C  bond  in  the  starting  material  (1-butyne)  is  unsymmetrical  and  produces 
a  signal  at  2200  cm"1,  corresponding  with  the  C=C  stretch.  In  contrast,  the  C=C  bond  in 
the  product  (3-hexyne)  is  symmetrical  and  does  not  produce  a  signal  at  2200  cm"1. 

15.17.  The  starting  material  should  have  a  C=0  signal  at  1720  cm'1,  while  the  product 
should  have  an  O-H  signal  at  3200  -  3600  cm"1. 


15.18.  I -chloro butane  is  primary  substrate.  When  treated  with  sodium  hydroxide, 
substitution  is  expected  to  dominate  over  elimination  (see  Chapter  8),  but  both  products 
are  expected  to  be  obtained: 

^  NaOH 

major  minor 
The  substitution  product  is  an  alcohol  and  should  have  a  broad  signal  from  3200  -  3600 
cm"1.  The  elimination  product  is  an  unsymmetrical  alkene  and  is  expected  to  give  a  C-C 
signal  at  approximately  1650  cm'1,  as  well  as  a  vinylic  C-H  signal  at  3100  cm"1. 
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15.19. 


0  0 


a)  m/z  =  68  m/z  =  66 


b)    m/z  =  73  m/z  a  79 


15.20. 


a)  This  compound  does  not  have  any  nitrogen  atoms.  According  to  the  nitrogen  rule,  this 
compound  should  have  an  even  molecular  weight  {m/z  -  86). 

b)  This  compound  does  not  have  any  nitrogen  atoms.  According  to  the  nitrogen  rule,  this 
compound  should  have  an  even  molecular  weight  (m/z  =  100). 

c)  This  compound  has  one  nitrogen  atom.  According  to  the  nitrogen  rule,  this  compound 
should  have  an  odd  molecular  weight  (m/z  -  101). 

d)  This  compound  has  two  nitrogen  atoms.  According  to  the  nitrogen  rule,  this 
compound  should  have  an  even  molecular  weight  {m/z  -  102). 

15.21. 

a)  There  must  be  four  carbon  atoms,  and  the  molecular  weight  must  be  72.  The 
molecular  formula  could  be  C4HsO. 

b)  There  must  be  four  carbon  atoms,  and  the  molecular  weight  must  be  68.  The 
molecular  formula  could  be  C4H4O. 

c)  There  must  be  four  carbon  atoms,  and  the  molecular  weight  must  be  54.  The 
molecular  formula  could  be  C4H6. 

d)  There  must  be  seven  carbon  atoms,  and  the  molecular  weight  must  be  96.  The 
molecular  formula  could  be  C7H]2. 


15.22.    Each  nitrogen  atom  in  the  molecular  formula  of  a  compound  should  contribute 
0.37%  to  the  (M+l)+*  peak.  Three  nitrogen  atoms  therefore  contribute  the  same  amount 
(1.1%)  as  one  carbon  atom.  A  compound  with  molecular  formula  CsHj  1N3  should  have 
an  (M+ 1  )+<P  peak  that  is  9.9%  as  tall  as  the  molecular  ion  peak.  If  the  molecular  ion  peak 
is  24%  of  the  base  peak,  then  the  (M+l)+*  peak  must  be  2.4%  of  the  base  peak. 


15.23. 

a)  This  fragment  is  M  -  79,  which  is  formed  by  loss  of  a  Br.  So  the  fragment  does  not 
contain  Br. 
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15.24. 

a)  There  is  not  a  significant  (M+2)+*  peak,  so  neither  bromine  nor  chlorine  are  present. 

b)  There  is  not  a  significant  (M+2)+*  peak,  so  neither  bromine  nor  chlorine  are  present. 

c)  The  (M-K2)+HP  peak  is  approximately  equivalent  in  height  to  the  molecular  ion  peak, 
indicating  the  presence  of  a  bromine  atom. 

d)  The  (M+2)+'  peak  is  approximately  one-third  as  tall  as  the  molecular  ion  peak, 
indicating  the  presence  of  a  chlorine  atom. 


15.25. 

a) 


(M-57) 

b)  This  carbocation  is  tertiary,  and  its  formation  is  favored  over  the  other  possible 
secondary  and  primary  carbocations. 

c)  They  readily  fragment  to  produce  tertiary  carbocations. 

d)  M-15  corresponds  with  loss  of  a  methyl  group.  Indeed,  loss  of  methyl  group  would 
also  produce  a  tertiary  carbocation,  but  at  the  expense  of  forming  a  methyl  radical.  That 
pathway  is  less  favorable. 


15.26.  A  fragment  at  M-29  should  result  from  a  cleavage 


a-cieavage 


molecular  ion 


J 


ho: 


© 


resonances  tabilized 
(M  -  29) 

and  a  fragment  at  M-18  should  result  from  dehydration: 
©  _H 

v\_f   ^   ©  / 


H20 


molecular  ton 


(M-18) 
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15.27.  The  fragment  at  M-43  is  expected  to  be  the  base  peak  because  it  corresponds  with 
formation  of  a  tertiary  carbocation: 

(M-43) 

15.28.  In  the  first  spectrum,  the  base  peak  appears  at  M-29,  signifying  the  loss  of  an 
ethyl  group.  This  spectrum  is  likely  the  mass  spectrum  of  ethyl c y clohex arte .  The  second 
spectrum  has  a  base  peak  at  M-15,  signifying  the  loss  of  a  methyl  group.  The  second 
spectrum  is  likely  the  mass  spectrum  of  1 , 1  -dimethylcyclohexane. 


15.29. 

OH 

H0-tf°" 

a)  m/2=  126.0315        m/z=  126.1404 


1530. 

a)  The  first  compound  should  have  a  very  broad  signal  between  3200  and  3600  cm*1, 
corresponding  with  O-H  stretching.  The  second  compound  will  not  have  such  a  signal. 

b)  The  first  compound  should  have  a  pair  of  strong  signals  around  1720  cm'1, 
corresponding  with  symmetric  and  asymmetric  stretching  of  the  C=0  bonds.  In  contrast, 
the  second  compound  will  have  a  weak  signal  at  around  1650cm "  ,  corresponding  to  the 
C=C  bond. 


15.31. 

a)  2  b)  1  c)2  d)  1  e)  1 

f)l  g)4  h)0  i)l  j)0 


15.32.  Both  C^H^CIO^  and  CiH&  have  one  degree  of  un saturation. 


15.33.  The  compound  has  one  degree  and  unsaturation,  which  is  a  C=0  bond:.  The 
following  are  all  of  the  possible  structures  that  have  molecular  formula  C4HsO  and 
contain  a  C=0  bond: 

O  O  O 
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15.34.  The  compound  must  have  one  degree  of  unsaturation.  The  broad  signal  between 
3200-3600  cm   indicates  an  OH  group,  and  the  absence  of  signals  between  1600  and 
1850  cm  1  indicates  the  absence  of  a  double  bond  (either  a  C=0  bond  or  an 
unsymmetrical  C=C  bond).  This  implies  the  presence  of  a  ring  (to  achieve  one  degree  of 
unsaturation).  Below  are  possible  structures: 


(Four  possible 
stereoisomers) 


15.35.  A  signal  at  2200cm'1  signifies  the  presence  of  a  C=C  bond.  There  are  only  two 
possible  constitutional  isomers:  1-butyne  or  2-butyne.  The  latter  is  symmetrical  and 
would  not  produce  a  signal  at  2200cm"1.  The  compound  must  be  l-butyne, 


15.36.  The  compound  has  exactly  one  degree  of  unsaturation,  which  means  that  it  must 
contain  either  one  ring  or  one  double  bond. 


15.37. 


a)  HDI  =  1  HDI  =  1 


CO 

b)    HDI  =  2 


oc 


HDI  =  2 


c)     HDI  =  2  HDI  =  1 
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15.38. 


1600  cm 


a) 


Q  -  1630  cm"1 


-  1650  cm"1        q  -  1720  cm"1 


h) 


1600  cm 


i  O 


1 700  cm" 


d) 


e) 


1650  cm 


1 


15.39. 


Increasing  Wavenumber 


y°r  >th  h"  h-t  )|0  )y  )|c 


15.40. 

a)  The  C-N  band  and  the  C=0  bond  should  each  produce  a  signal  in  the  double  bond 
region,  1600-  1850  cm  1 

b)  The  C=C  bond  should  produce  a  signal  in  the  double  bond  region,  1600  -  1850  cm'1 
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c)  The  C=C  bond  and  the  C=0  bond  should  each  produce  a  signal  in  the  double  bond 
region,  1600  -  1850  cm"1,  In  addition,  the  two  C=C  bonds  should  produce  two  signals 
around  2200  cm  L,  and  the  Csp-H  bond  should  produce  a  signal  around  3300  cm1. 

d)  The  C-O  bond  should  produce  a  signal  in  the  double  bond  region,  1720  cm "',  and  the 
O  H  of  the  carboxylic  acid  moiety  should  produce  a  very  broad  signal  from  2200  -  3600 
cm'1. 


15.41. 

a)  The  reactant  should  have  signals  at  1650  cm'1  and  3100  cm  \  while  the  product 
should  not  have  either  signals. 

b)  The  reactant  should  have  a  broad  signal  from  3200  -  3600  cm"1,  while  the  product 
should  lack  this  signal  and  instead  should  have  a  signal  at  -  1720  cm"1. 

c)  The  C=0  bond  of  an  ester  should  appear  at  higher  wavenumber  (- 1740  cm'1)  than  the 
OO  bond  of  a  ketone  (- 1 720  cm"1). 

d)  The  reactant  should  have  signals  at  1650  cm  1  and  3 100  cm'1,  while  the  products 
should  both  have  a  signal  at  -  1720  cm'1. 

e)  The  reactant  should  not  have  signals  at  1650  cm'1  or  3100  cm'1,  while  the  product 
should  have  such  signals. 


15.42. 

a)  a  C=0  signal  at  -  1720  cm"1 

b)  a  C=0  signal  at  -  1680  cm'1  (conjugated)  and  a  C-C  signal  at  ~  1600  cm"1 
(conjugated)  and  a  Csp2-H  signal  at  3 100  cm"\ 

c)  a  C=0  signal  at  ~  1720  cm"1  and  a  C-C  signal  at  ~  1650  cm'1  and  a  C.v/AH  signal  at 
3100  cm1. 

d)  a  C=C  signal  at  ~  1 650  cm  1  and  an  O-H  signal  at  ~  3200  -  3600  cm"1  and  a  CV-H 
signal  at  3100  cm"1. 

e)  a  C=0  signal  at  ~  1720  cm"1  and  an  O-H  signal  at  ~  2200  -  3600  cm"1 

f)  a  C^O  signal  at  -  1720  cm"1  and  an  O-H  signal  at  -  3200  -  3600  cm"' 


15.43. 

a)  C7H*  (m/z  =  92)  b)  CfiHfiO  (m/z  =  94)  c)  C6H  mO  {m/z  =  98) 

d)  C6HsO  {m/z  =  96)  e)  CfiH]5N  (m/z  =  101) 


15.44.  C5Hl0O 
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15.45.  There  are  nine  carbon  atoms  in  the  compound  (10  /  1.1). 
15.46. 

.OH  ,CI  _...NHo 

! 

a) 


b)cr01  c)om°  mcr 


15.47. 

a)  an  OH  group  and  double  bonds. 

3  9  % 

b)  — —  x  100%  =  14.3% 
27.2% 

#ofC=l^  =  13 
Ll% 

c)  C13H24O  has  thirteen  carbon  atoms  and  two  degrees  of  unsaturation,  consistent  with  the 
information  that  there  are  two  double  bonds. 

15.48. 

a)  Both  compounds  are  CfiH]2 

b)  Both  compounds  have  an  HDI  of  1 . 

c)  No,  both  compounds  have  exactly  six  carbon  atoms  and  twelve  hydrogen  atoms,  so 
they  should  have  the  same  m/z  even  with  high  resolution  mass  spectrometry. 

d)  The  1R  spectrum  of  the  alkene  would  have  a  signal  at  -  1650  cm"1  for  the  C=C  bond 
and  another  signal  at  -  3 100  cm  1  for  the  vinylic  C-H  bond.  The  IR  spectrum  of 
cyclohexane  lacks  both  of  these  signals. 

15.49.  The  signal  at  m/z  =  1 11  is  (M-15)  which  corresponds  with  loss  of  a  methyl  group. 
The  signal  at  m/z  -  91  is  (M-29)  which  corresponds  with  loss  of  an  ethyl  group.  Both 
fragmentations  lead  to  a  tertiary  carbocation: 


(M-29) 
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15.50. 

a)  No,  because  this  fragment  does  not  contain  the  bromine  atom. 

b)  Yes,  because  this  fragment  still  contains  the  bromine  atom. 

c)  Yes,  because  this  fragment  still  contains  the  bromine  atom. 


15.51.  The  more  substituted  alkene  will  not  produce  a  signal  at  1650  cm*1  nor  will  it 
produce  a  signal  at  3 100  cm"1.  The  less  substituted  alkene  will  display  both  signals  in  its 
IR  spectrum: 


15.52. 

a)  C5H6 

b)  C^O 


15.53. 

a)  the  molecular  ion  peak  appears  at  nt/z-  1 14 

b)  the  base  peak  appears  at  m/z-  43 
c) 


(M-71) 


15.54. 

a)  2  b)  2  c)2  d)  36  e)  4 

f)  4  g)5  h)  i  i)4  j)l 


15.55 
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15.56.  Limonene  has  three  degrees  of  unsaturation  and  is  comprised  of  only  carbon  and 
hydrogen  atoms.  The  molecular  weight  is  136,  so  the  molecular  formula  of  limonene 
must  be  CioHifi. 

15.57.  The  IR  spectrum  of  frari.v-34iexene  is  expected  to  have  a  signal  at  3100  cm'1  as  a 
result  of  the  vinylic  C-H  stretch.  In  contrast,  2,3-d  i  methy  1-2-buiene  lacks  a  vinylic  C-H 
group  and  does  not  exhibit  that  signal. 

15.58.  The  compound  exhibits  intramolecular  hydrogen  bonding  even  in  dilute  solutions. 

15.59.  The  IR  spetrum  indicates  that  the  compound  is  a  ketone.  The  mass  spectrum 
indicates  a  molecular  weight  of  86.  The  base  peak  is  at  M-43,  indicating  the  loss  of  a 
propyl  group.  The  compound  likely  has  a  three  carbon  chain  (either  a  propyl  group  or 
isopropyl  group)  on  one  side  of  the  ketone: 


15.60.  The  IR  spectrum  indicates  the  presence  of  a  triple  bond  as  well  as  a  C-H  bond 
indicating  that  the  triple  bond  is  terminal.  The  mass  spectrum  indicates  a  molecular 
weight  of  68.  The  following  two  structures  are  consistent  with  these  data: 


O 


O 


■H 


15.61. 


NaOEt 


1)BH3»THF 
2}  H202  ,  NaOH 


OH 


TsCI 


MCPBA 


f-BuOK 


OTs 


1)  MeMgBr 
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a)  Compound  F  is  an  alcohol  and  its  IR  spectrum  will  exhibit  a  broad  signal 
between  3200  and  3600  cm"1.  Compound  G  is  an  ether  and  its  IR  spectrum 
will  not  exhibit  the  same  signal. 

b)  Compound  D  is  an  alkene  and  its  IR  spectrum  will  exhibit  a  signal  at 
approximately  1650  cm"'  (for  the  C-C  bond),  as  well  as  a  signal  at  3100  cm  1 
(for  vinylic  C-H  stretching).  Compound  E  is  an  epoxide  and  its  IR  spectrum 
will  not  have  these  two  signals. 

c)  IR  spectroscopy  would  not  be  helpful  to  distinguish  these  two  compounds 
because  they  are  both  alcohols.  Mass  spectrometry  could  be  used  to 
differentiate  these  two  compounds  because  they  have  different  molecular 
weights. 

d)  No,  they  both  have  the  same  molecular  formula,  although  a  trained  expert 
might  be  able  to  distinguish  these  compounds  based  on  their  fragmentation 
patterns. 


15,62.  1-butene  can  lose  a  methyl  group  to  form  a  resonance  stabilized  carbocation 
+  * 


+  *CH3 

(M-15) 

resonances  tabiHzed 


15,63.  Yes,  compound  D  is  an  unsymmetrical  alkene: 
?'  NaOEt 

  /-\    *  X*^ 

(racemic)  B  c 


15,64. 


M+2 


M+4 


15,65.  The  OH  group  in  ephedrine  can  engage  in  intramolecular  hydrogen  bonding,  even 
in  dilute  solutions. 

.  H 

N 
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15.66. 


M+2 


M 


M+4 


15.67. 


0 


1300  cm' 


1000  cm' 


,-1 


Explanation  #1)  One  of  the  C  O  bonds  of  the  ester  has  some  double  bond  character,  as 
can  be  seen  in  the  third  resonance  structure  below: 


This  C-O  bond  is  a  stronger  bond  than  the  other  C-O  single  bond,  which  does  not  have 
any  double  bond  character.  As  a  result,  the  stronger  C-O  bond  (highlighted  above) 
appears  at  higher  wavenumber. 

Explanation  #2)  The  C-O  bond  at  1300  cm  1  involves  an  sp  hybridized  carbon  atom, 
rather  than  an  sp3  hybridized  carbon  atom.  The  former  has  more  s -character  and  holds  it: 
electrons  closer  to  the  positively  charged  nucleus.  A  Cv/>2—  O  bond  is  therefore  stronger 
than  a  Cv/,j—  O  bond. 
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15.68. 


15.69. 

M+2 


M 


Chapter  16 
Nuclear  Magnetic  Resonance  Spectroscopy 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  1 6.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Con cepts  and  Vocabu la ry . 


•  A  spinning  proton  generates  a  magnetic  t  which  must  align  either 

with  or  against  an  imposed  external  magnetic  field. 

•  All  protons  do  not  absorb  the  same  frequency  because  of  , 

a  weak  magnetic  effect  due  to  the  motion  of  surrounding  electrons  that  either 
shield  or  dcshield  the  proton. 

■  solvents  are  generally  used  for  acquiring  NMR  spectra. 

•  In  a  H  NMR  spectrum,  each  signal  has  three  important  characteristics:  location, 
area  and  shape. 

•  When  two  protons  are  interchangeable  by  rotational  symmetry,  the  protons  are 
said  to  be  . 

•  When  two  protons  are  interchangeable  by  rotational  symmetry,  the  protons  are 
said  to  be  . 

•  The  left  side  of  an  NMR  spectrum  is  described  as  field,  and  the  right  side  is 

described  as  field. 

•  In  the  absence  of  inductive  effects,  a  methyl  group  (CH3)  will  produce  a  signal 

near  ppm,  a  methylene  group  (CH2)  will  produce  a  signal  near  ,  and 

a  group  (CH)  will  produce  a  signal  near  ..  The  presence  of 

nearby  groups  increases  these  values  somewhat  predictably. 

•  The  ,  or  area  under  each  signal,  indicates  the  number  of  protons 

giving  rise  to  the  signal. 

■   represents  the  number  of  peaks  in  a  signal.  A  has 

one  peak,  a   has  two,  a  has  three,  a  has  four, 

and  a  has  five. 

•  Multiplicity  is  the  result  of  spin-spin  splitting,  also  called  ,  which 

follows  the  n+1  rule. 

•  When  signal  splitting  occurs,  the  distance  between  the  individual  peaks  of  a  signal 
is  called  the  coupling  constant,  or  value,  and  is  measured  in  Hz. 

•  Complex  splitting  occurs  when  a  proton  has  two  different  kinds  of  neighbors, 
often  producing  a  . 

•  ,3C  is  an  of  carbon,  representing  %  of  all  carbon  atoms. 

•  All  13C-!H  splitting  is  suppressed  with  a  technique  called  broadband 
 ,  causing  all  of  the  l3C  signals  to  collapse  to  . 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  16.  The  answers  appear  in  the  section  entitled 
Ski UBuilder  Re  v ie w . 


16*1  Determining  the  Relationship  between  Two  Protons  in  a  Compound 


FOR  EACH  OF  THE  FOLLOWING  COMPOUNDS.  IDENTIFY  THE  RELATIONSHIP  BETWEEN  THE  TWO  INDICATED  PROTONS 
(ARE  THEY  HOMO  TOPIC,  ENANTSOPTOPlC  OR  DtA  STEREO  TOPIC  ?)  AND  DETERMINE  WHETHER  THEY  ARE  CHEMICALLY 

H.  H 


EQUIVALENT. 


H  "H 


HO 


H 


RELATIONSHIP 


CHEMICALLY  EQUIVALENT? 


t  ) 

r 


H^H 


16.2  Identifying  the  Number  of  Expected  Signals  in  a  'H  NMR  Spectrum 


FOR  EACH  OF  THE  FOLLOWING  COMPOUNDS,  DETERMINE  WHETHER  THE  TWO  INDICATED  PROTONS  ARE  CHEMICALLY 
EQUIVALENT. 

HH  HHQ  HHOH  HHHH 


AA 


CHEMICALLY  EQUIVALENT? 


XA 


163  Predicting  Chemical  Shifts 


16.4  Determining  the  Number  of  Protons  Giving  Rise  to  a  Signal 


STEP  1  -  COMPARE  THE 
RELATIVE 

VALUES.  AND  CHOOSE  THE 
LOWEST  NUMBER 

STEPS-  DIVIDE  ALL  INTEGRATION 
VALUES  BY  THE  NUMBER  FROM 
STEP  iff.  WHICH  GIVES  THE  RATIO 
OF 

STEPS-  IDENTIFY  THE  NUMBER  OF  PROTONS  IN  THE  COMPOUND 
(FROM  THE  MOLECULAR  FORMULA!  AND  THEN  ADJUST  THE 
RELATIVE  INTEGRA  TfON  VALUES  SO  THAT  THE  SUM  TOTAL 
EQUALS  THE  NUMBER  OF 

16.5  Predicting  the  Multiplicity  of  a  Signal 


IDENTIFY  THE  EXPECTED  MULTIPLICITY  FOR  EACH  SIGNAL  IN  THE  PROTON  NMR  SPECTRUM 
OF  THE  FOLLOWING  COMPOUND. 


,   O    H  H 

CH3- 


H3C     H  H  CH3 


j 
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16,6  Drawing  the  Expected  H  NMR  S pet I rum  of  a  Compound 


STEP  f 

IDENTIFY  THE 
NUMBER  OF 


STEP  2  PREDICT 
THE  


EACH  SIGNAL 


STEPS    DETERMINE  THE  

OF  EACH  SIGNAL  BY  COUNTING  THE 

NUMBER  OF  GIVING  RSSE  TO 

EACH  SIGNAL 


STEP  4  PREDICT  THE 


EACH  SIGNAL 


STEPS -DRAW 
EACH  SIGNAL 


16,7  Using  lH  NMR  Spectroscopy  to  Distinguish  Between  Compounds 


STEP  I  -  IDENTIFY  THE 
NUMBER  OF_ 


THA  T  EA  CH  C  OMPOUND  WILL 
PRODUCE. 


STEP 2  -  IF  EACH  C OMPOUND  IS  EXPEC TED 

TO  PRODUCE  THE  SAME  NUMBER  OF  SIGNALS.  THEN 

DETERMINE  THE  .  r 

AND  

COMPOUNDS 


kACr:  :-,:C..'-ial  to  both 


STEP  S-LQOX  FOR  DIFFERENCES  tN 
THE  CHEMICAL  SHSFTS, 
MULTIPLICITIES  OR  INTEGRATION 
VALUES  OF  THE  EXPECTED  SIGNALS 


16,8  Analyzing  a  H  NMR  Spectrum  and  Proposing  the  Structure  of  a  Compound 


STEP  1  -  USE  THE 

TO  DETERMINE 

STEP  2  -  CONSIDER  THE 
NUMBER  OF  SIGNALS  AND 
INTEGRATION  OF  EACH  SIGNAL 
/GIVES  CLUES  ABOUT  THE 
OF  THE 

STEPS-  ANA  L  YZE  EACH  SIGNAL  (      ,  . 

AND  I  AND  THEN  DRAW  FRAGMENTS 

CONSISTENT  WITH  EACH  SIGNAL.  THESE 
FRAGMENTS  BECOME  OUR  PUZZLE  PIECES 
THAT  MUST  BE  ASSEMBLED  TO  PRODUCE  A 
MOL  ECLlLA  R  STRUC  TUBE 

STEP  4  - 

ASSEMBLE  THE 
FRAGMENTS 

THE  HDI.  AN  HDI  OF 
INDICATES  THE  POSSIBILITY 
OF  AN  AROMATIC  RING 

COMPOUND/ 

16*9  Pr  edit  ling  the  Number  of  Signals  and  Approximate  Location  of  Each  Signal  in  a  ,3C  NMR 
Spectrum 


BELOW  ARE  SEVEN  DIFFERENT  TYPES  OF  CARBON  ATOMS.  EACH  OF  THEM  IS  EXPECTED  TO  PRODUCE  A  SIGNAL  IN  ONE  OF  FOUR 
POSSIBLE  REGIONS  M  A  CARBON  NMR  SPECTRUM.  SDENITFY  THE  EXPECTED  REGION  FOR  EACH  TYPE  OF  CARBON  ATOM. 


w 


o- 

— CEC- 
C-N 


I 

—c— 

I 

c-0 


16,10  Determining  Molecular  Structure  using  DEPT  L,C  NMR  Spectroscopy 


COMPLETE  THE  FOLLOWING  CHART  BY  DRA  WING  THE  EXPECTED  SHAPE  OF  EACH  SIGNAL: 

CH3 

CH2 

CH 

C 

BROADBAND 
DECOUPLED 

DEPT-M 

DEPT-ISS 
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Solutions 
16.1. 

a)  homotopic 

b)  enantiotopic 

c)  diastereotopic 

d)  enantiotopic 

e)  homotopic 

16.2. 

a)  All  four  protons  can  be  interchanged  either  via  rotation  or  reflection. 

b)  The  three  protons  of  a  methyl  group  are  always  equivalent,  and  in  this  case, 
the  two  methyl  groups  are  equivalent  to  each  other  because  they  can  be 
interchanged  by  rotation.  Therefore,  all  six  protons  are  equivalent. 

c)  Three 

d)  Three 

e)  Six 


16.3. 


16.4. 

a)  8  b)  4  c)  2  d)  3  e)  5  f )  3 

g)  4  h)  2  i)  4  j)  7  k)  4  1)  7 

16.5,  The  presence  of  the  bromine  atom  does  not  render  C3  a  chirality  center  because 
there  are  two  ethyl  groups  connected  to  C3.  Nevertheless,  the  presence  of  the  bromine 
atom  does  prevent  the  two  protons  at  C2  from  being  interchangeable  by  reflection.  The 
replacement  test  gives  a  pair  of  diastereomers,  so  the  protons  are  d i as tereo topic. 


16.6.    This  compound  will  exhibit  two  signals  in  its  *H  NMR  spectrum: 

DC 
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16.7. 

a) 


methyl  protons  (CH3)  = 

0.9  ppm 

beta  to  the  car  bony  1  = 

+  Q.2  ppm 

1.1  ppm 

methylene  protons  (CH2)  =     1.2  ppm 
alpha  to  the  oxygen  =  +  3.Q  ppm 

1 4.2  ppm 


/ 

H  H|^_^ 


H  H 


H  H 


methyl  protons  (CH3)  =  0.9  ppm 


methylene  protons  (CHj)  = 

1 .2  pp  m 

alpha  to  the  carbonyl  = 

■§■  1  .Q  pp  m 

1  2.2  ppm 

methylene  protons  (CH2)  - 
beta  to  the  oxygen  i 


1 .2  ppm 
f  0.5  ppm 

1 .7  ppm  j 


b) 


methylene  protons  (CH2)  = 

1 .2  pp  m 

alpha  to  the  oxygen  - 

+  2.5  ppm 

alpha  to  the  carbonyl  - 

+  1 .0  ppm 

4.7  ppm  \ 

me  thy  le  ne  proto  ns  (C  H2 )  =    1 .2  pp  rn 
alpha  to  the  oxygen  =  +  2.5  ppm 
beta  to  the  oxygen  -  +  Q.6  ppm 
4.3  ppm 


H  H  — 


methyl  protons  (CH3)  =    0,9  ppm 
beta  to  the  o  xygen  =  +  CL5  ppm 

I  i~4  ppm 
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C) 


m  et  h  yl  proto  ns  (CH  3)  =     0 .9  p  pm 
alpha  to  the  carbon y I  =  +  1 .0  ppm 
1 .9  ppm 


methyl  protons  (CH3)  -     0.9  ppm 


|H  H" 

/ 


CH3 
CH3 


meth  yl  ene  protons  (CH2)  =    1 .2  ppm 
alpha  to  the  carbonyl  =  +  1 .0  p pm 

|  2.2  ppm 


me  thine  proton  (CH)  = 

1.7  ppm 

beta  to  the  carbon  yl  = 

+  0,2  ppm 

1 .9  p  p  m 

methyl  protons  (CH3)  = 

0.9 

ppm 

alpha  to  the  oxygen  - 

+  2.5 

£pjri 

3.4 

ppm 

methyl  protons  (CH 3) : 
beta  to  the  carbonyl  : 


0.9  ppm 
+  0.2  ppm 

TTppm 


methylene  protons  (CH2)  =     1.2  ppm 
alpha  to  the  carbonyl  =  +1.0  ppm 
2.2  ppm 


methlne  proton  (CH)  -    1.7  ppm 
alpha  to  the  oxygen  =  +  2.5  ppm 
alpha  to  the  carbonyl  =  +  1 .0  p pm 

|  5.2  ppm 


methyl  protons  (CH3)  =     0.9  ppm 
beta  to  the  oxygen  =  +  0.5  ppm 
beta  to  the  carbonyl  =  +  (L2  ppm 
1.6  ppm  ] 


e)  Ail  four  methylene  groups  are  equivalent,  so  the  compound  will  have  only  one  signal 
in  its  H  NMR  spectrum.  That  signal  is  expected  to  appear  at  approximately  (1.2  +  2.5  + 
0.5)  =  4.2  ppm. 
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16.8. 


g  h  h 


methylene  protons  (CH2)  =     1.2  ppm 
alpha  to  the  oxygen  =  +  3.0  ppm 
alpha  to  the  oxygen  =  +  2.5  ppm 
'  6.7  ppm 


16.9. 


2.2  ppm 


Only  one  signal  downfield  of  2.0  ppm 
(the  four  highlighted  protons  are  equivalent) 


-2.2  ppm 

Two  signals  downfield  of  2.0  ppm 


2  ppm 


16.10. 

a) 


4.5-  6.5  ppm        -2  ppm 

\  /  . 


10  ppm 


Q      H    H  H 


H  H    H    H  H 

•3  ppm  -  1.2  ppm 

-  4.5  -  6.5  ppm 


2.5  ppm 


b) 


-  4.5  -  6.5  ppm 


'  4.5  -  6.5  ppm 


\ 


-  2  ppm 


~  3.7  ppm 


H    .  H 


/ 


H 


H  H 

I 

■  2.5  ppm 


H 

O-H 


2-5  ppm 
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1 2.  ppm 


'  2  ppm 


/        H3C  CH3 


^H1 


\ 


3.4  ppm  J  -2.5  ppm 

-  1.4  ppm 


16-11- 

The  signal  at  4.0  ppm  rep  resents  two  protons. 
The  signal  at  2.0  ppm  represents  three  protons. 
The  signal  at  1 .6  ppm  represents  two  protons. 
The  signal  at  0.9  ppm  represents  three  protons. 


16.12. 

The  signal  at  9.6  ppm  represents  one  proton. 
The  signal  at  7.5  ppm  represents  five  protons. 
The  signal  at  7.3  ppm  represents  one  proton. 
The  signal  at  2. 1  ppm  represents  three  protons. 


16,13.  Each  signal  represents  two  protons. 


16.14. 
CI 
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16.15. 

a) 

O 

i  \ 

singlet  Quartet 


b) 


O   

CH3 


singlet    h^A^O^ch 

H  H      H  % 

i 

singlet 


^  doublet 


septet 


q) 


singlet 


singlet 


H3C  CH3  CH3 


singlet 


1 

singlet 
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O 


Q 

)  H 
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16.17. 

a)  The  spectrum  exhibits  the  characteristic  pattern  of  an  isopropyl  group, 

b)  The  spectrum  exhibits  the  characteristic  pattern  of  an  isopropyl  group  as  well  as  the 
characteristic  pattern  of  an  ethyl  group. 

c)  The  spectrum  exhibits  the  characteristic  pattern  of  a  ten- butyl  group. 

d)  The  spectrum  does  not  exhibit  the  characteristic  pattern  of  an  ethyl  group,  an  isopropyl 
group,  or  a  /erf-butyl  group. 


16.18. 

a) 


(17  Hz) 


"   4b  — 

(11  Hz) 


b) 


-4b— 

(11  Hz) 


[4 
(1  Hz) 


(1  Hz) 
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c) 


(17  Hz} 


4dd 
(1  Hz) 


|4. 

,1  He  | 


16,19.  Draw  the  expected  H  NMR  spectrum  for  each  of  the  following  compounds 
O 


a) 


2> 


i 

5 


b) 


a  -3  a 


T 


JL_ — _Jl — L 


f — r 

10  °\ 


as  a  ^ 


I     i     I     i     i     1  1 — i  T 

*     1     fa    5    H    2>     2     1  D 

rr" 
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16.21. 

a)  The  first  compound  will  have  only  three  signals  in  its  'H  NMR  spectrum,  while  the 
second  compound  will  have  six  signals. 

b)  Both  compounds  will  exhibit  !H  NMR  spectra  with  only  two  singlets.  In  each 
spectrum,  the  relative  integration  of  the  two  singlets  is  1:3.  In  the  first  compound,  the 
singlet  with  the  smaller  integration  value  will  be  at  approximately  2  ppm.  In  the  second 
compound,  the  singlet  with  the  smaller  integration  value  will  be  at  approximately  4  ppm. 

d)  The  first  compound  will  have  only  two  signals  in  its  *H  NMR  spectrum,  while  the 
second  compound  will  have  three  signals. 

e)  The  first  compound  will  have  five  signals  in  its  lH  NMR  spectrum,  while  the  second 
compound  will  have  only  three  signals. 

f)  The  first  compound  will  have  only  four  signals  in  its  ]H  NMR  spectrum,  while  the 
second  compound  will  have  five  signals. 

g)  The  first  compound  will  have  only  one  signal  in  its  !H  NMR  spectrum,  while  the 
second  compound  will  have  two  signals. 


16.22.    The  presence  of  peroxides  caused  an  anti-M arko vnikov  addition  of  HBr: 
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16.23. 


16.25. 

a)  Four  signals.  Three  appear  in  the  region  0-50  ppm,  and  the  fourth  signal  (the  C=0) 
appears  in  the  region  150  -  220  ppm. 

b)  Five  signals.  All  five  appear  in  the  region  0-50  ppm. 

c)  Six  signals.  Two  appear  in  the  region  0-50  ppm,  and  four  signals  appear  in  the 
region  100-150  ppm. 

d)  Nine  signals.  Two  appear  in  the  region  0  -  50  ppm,  one  appears  in  the  region  50  -  100 
ppm  and  six  signals  appear  in  the  region  100-  150  ppm. 

e)  Seven  signals.  Two  appear  in  the  region  0-50  ppm,  one  appears  in  the  region  50  - 
100  ppm  and  four  signals  appear  in  the  region  100  -  150  ppm. 

f)  Five  signals.  Three  appear  in  the  region  0-50  ppm  and  two  signals  appear  in  the 
region  100-  150  ppm. 

g)  Seven  signals.  Five  appear  in  the  region  0-50  ppm  and  two  signals  appear  in  the 
region  100  -  150  ppm. 

h)  Two  signals.  One  appears  in  the  region  0-50  ppm  and  the  other  appears  in  the  region 
100-150  ppm. 

i)  One  signal  appears  in  the  region  50  -  100. 

j)  Five  signals.  One  appears  in  the  region  0-50  ppm,  one  appears  in  the  region  50  - 
100  ppm,  two  appear  in  the  region  100-150,  and  one  signal  appears  in  the  region  150  - 
200  ppm. 
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16*26.    The  first  compound  lacks  a  chirality  center.  The  two  methyl  groups  are 
enantiotopic  and  are  therefore  chemically  equivalent.  The  second  compound  has  a 
chirality  center  (the  position  bearing  the  OH  group).  As  such,  the  two  methyl  groups  are 
diastereotopic  and  are  therefore  not  chemically  equivalent.  For  this  reason,  the  nC  NMR 
spectrum  of  the  second  compound  exhibits  six  signals,  rather  than  five. 


16.27. 


16.28. 

O 


16.29. 


OH 


16.30. 


O 


o 


Consistent  with 
'H  NMR  and  13C  NMR  spectra 


Consistent  only  with 
13C  NMR  spectrum 


Consistent  only  with 
13C  NMR  spectrum 


16.31. 


b)      CI  CI 


CI 


a 


16.32. 
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16,33.  This  compound  will  exhibit  three  signals  in  its  UC  NMR  spectrum: 


16.34. 
16.35. 


a)  2         b)4         c)4       d)  2  e)  2  f)  5 

a)  4         b)  6         c)  6        d)  4       e)  2        f)  4 


16.36.  The  first  compound  will  have  five  signals  in  its  l3C  NMR  spectrum,  while  the 
second  compound  will  have  seven  signals. 

1637. 

triplet  -<   u  i_i   o  fGH* 

^p^J^H. — doublet 


HsC- 

H  ^  C     H  H  H  H 
3  i  septet  of  triplets 

\  or  triplet  of  septets 

singlet  1  \  (multiple!) 


triplet  doublet 


16.38. 

a)  The 

compound  will  have  twelve  signals. 
The  first  compound  will  have  two 
compound  will  have  eight  signals. 


a)  The  first  compound  will  have  four  signals  in  its  l3C  NMR  spectrum,  while  the  second 
The  first  compound  will  have  two  signals  in  its  ]H  NMR  spectrum,  while  the  second 


b)  The  first  compound  is  a  meso  compound.  Two  of  the  protons  are  enantiotopic  (the 
protons  that  are  alpha  to  the  chlorine  atoms)  and  are  therefore  chemically  equivalent. 
The  first  compound  will  only  have  two  signals  in  its  'H  NMR  spectrum,  while  the  second 
compound  will  have  three  signals.  For  a  similar  reason,  first  compound  will  only  have 
two  signals  in  its  13C  NMR  spectrum,  while  the  second  compound  will  have  three  signals. 

c)  The  13C  NMR  spectrum  of  the  second  compound  will  have  one  more  signal  than  the 
°C  NMR  spectrum  of  the  other  first  compound.  The  ]H  NMR  spectra  will  differ  in  the 
following  way:  the  first  compound  will  have  a  singlet  somewhere  between  2  and  5  ppm 
with  an  integration  of  1,  while  the  second  compound  will  have  a  singlet  at  approximately 
3.4  ppm  with  an  integration  of  3. 

d)  The  first  compound  will  have  three  signals  in  its  13C  NMR  spectrum,  while  the  second 
compound  will  have  five  signals. 

The  first  compound  will  have  two  signals  in  its  ]H  NMR  spectrum,  while  the  second 
compound  will  have  four  signals. 
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16.39.  This  compound  will  exhibit  two  signals  in  its  l3C  NMR  spectrum: 

■H- 


a)  homotopic  b)  enantiotopic  c)  enantiotopic        d)  homotopic 

e)  diastereotopic  f)  homotopic  g)  d i as tereo topic      h)  diastereotopic 

i)  homotopic  j)  homotopic  k)  homotopic  1)  diastereotopic 

m)  enantiotopic  n)  diastereotopic  o)  homotopic 

16.41. 


JUL_Juli  Jl-jL- 

i     &  ,  &    H     a     a  I 


16.42. 


a)  Four  signals  are  expected  in  the  ]H  NMR  spectrum  of  this  compound. 
F  Br 

Hd.'.|-4-Hb 
I  CI 

Increasing  chemical  shift 

~*  

^  Ha  >  Hb  >  Hc  >  Hd 

c)  Four  signals  are  expected  in  the  °C  NMR  spectrum  of  this  compound. 

d)  The  carbon  atoms  follow  the  same  trend  exhibited  by  the  protons. 
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16,43. 


16.44. 

a)  Nine  b)  Eight  c)  Six 
16.45. 


5  ppm 


6.5  -  8  ppm 


" 1 0  ppm 


3  J  ppm 


1.4  ppm 


12  ppm 


16.46. 

a)  Six  signals,  all  of  which  appear  in  the  region  100  -  150  ppm. 

b)  Seven  signals.  One  appears  in  the  region  150  -  220  ppm,  and  the  remaining  six 
signals  appear  in  the  region  0  -  50  ppm. 

c)  Four  signals.  One  appears  in  the  region  0-50  ppm,  two  appear  in  the  region  50  -  100 
ppm,  and  one  signal  appears  in  the  region  150-200  ppm. 


16.47.  The  ]H  NMR  spectrum  of  the  Markovnikov  product  should  have  only  four 
signals,  while  the  anti-Markovnikov  product  should  have  many  more  signals  in  its  'H 
NMR  spectrum. 


16.48. 

a)  2         b)  8         c)  4        d)  2       e)  3  f)  6       g)  2         h)  3 
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16.49. 


Increasing  chemical  shift  in  1H  NMR  spectroscopy 


16.50. 

^  =     (observed  shift  from  TMS  in  hertz)  X  10* 
(operating  frequency  of  the  instrument  in  hertz) 

(Observed  shift  from  TMS  in  hertz)  =  (5)(operating  frequency)  /  106 


16.54.  0 


16.55. 

O  O 
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16.65.  N . N-di  methy I formamide  (DMF)  has  several  resonance  structures: 

I  I  I 

Consider  the  third  resonance  structure  shown  above,  in  which  the  C-N  bond  is  a  double 
bond.  This  indicates  that  this  bond  is  expected  to  have  some  double  bond  character.  As 
such,  there  is  an  energy  barrier  associated  with  rotation  about  this  bond,  such  that  rotation 
of  this  bond  occurs  at  a  rate  that  it  slower  than  the  timescale  of  the  NMR  spectrometer. 
At  high  temperature,  more  molecules  will  have  the  requisite  energy  to  undergo  free 
rotation  about  the  C-N  bond,  so  the  process  can  occur  on  a  time  scale  that  is  faster  than 
the  timescale  of  the  NMR  spectrometer.  For  this  reason,  the  signals  are  expected  to 
collapse  into  one  signal  at  high  temperature. 

16.66.  In  a  concentrated  solution  of  phenol,  the  OH  groups  are  engaged  in  extensive, 
intermodular  hydrogen-bonding  interactions.  These  interactions  cause  the  average 
distance  to  increase  between  the  O  and  H  of  each  OH  group.  This  effectively  deshields 
the  protons  of  the  hydroxyl  groups.  These  protons  therefore  show  up  downfield.  In  a 
dilute  solution,  there  are  fewer  hydrogen  bonding  interactions,  and  the  effect  described 
a b o v e  is  not  o b se r v e d . 

16.67.  The  methyl  group  on  the  right  side  is  located  in  the  shielding  region  of  the  it  bond, 
so  the  signal  for  this  proton  is  moved  upfield  to  0.8  ppm. 


16.68.  Bromine  is  significantly  larger  than  chlorine,  and  the  electron  density  of  a 
bromine  atom  partially  surrounds  any  carbon  atom  attached  directly  to  the  bromine, 
thereby  shielding  it.  In  CBr4,  the  carbon  atom  in  the  center  of  the  compound  is 
significantly  shielded  because  it  is  positioned  within  the  electron  clouds  of  the  four 
bromine  atoms.  In  fact,  it  is  so  strongly  shielded  that  it  produces  a  signal  even  higher 
upfield  than  TMS. 


Chapter  17 

Conjugated  Pi  Systems  and  Pericyclic  Reactions 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  17.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
en  ti  tl  ed  R e v  ie  w  of  Coi  icepts  and  Vo  cahu  la  ry . 

•  Conjugated  dienes  experience  free-rotation  about  the  C2-C3  bond,  giving  rise  to 

two  important  conformations:  and  s-  .  The    trans  conformation  is 

lower  in  energy. 

•  The  HOMO  and  LUMO  are  referred  to  as  orbitals,  and  the 

reactivity  of  conjugated  polyenes  can  be  explained  with  frontier  orbital  theory. 

•  An  state  is  produced  when  a  n  electron  in  the  HOMO  absorbs  a 

photon  of  light  bearing  the  appropriate  energy  necessary  to  promote  the  electron 
to  a  higher  energy  orbital. 

*  Reactions  induced  by  light  are  called  reactions. 

*  When  butadiene  is  treated  with  HBr,  two  major  products  are  observed,  resulting 
from  -addition  and  -addition. 

*  Conjugated  dienes  that  undergo  addition  at  low  temperature  are  said  to  be  under 

 control.  Conjugated  dienes  that  undergo  addition  at  elevated 

temperature  are  said  to  be  under  control. 

■  reactions  proceed  via  a  concerted  process  with  a  cyclic 

transition  state,  and  they  are  classified  as  cycloaddition  reactions, 
 reactions,  and  sigmatropic  rearrangements. 

•  The  DieLs-Alder  reaction  is  a  [  ]  cycloaddition  in  which  two  C-C  bonds 

are  formed  simultaneously. 

•  High  temperatures  can  often  be  used  to  achieve  the  reverse  of  a  Diels-Alder 
reaction,  called  a  Dicls- Alder. 

•  The  starting  materials  for  a  Diels-Alder  reaction  are  a  diene,  and  a  . 

•  The  Diels-Alder  reaction  only  occurs  when  the  diene  is  in  an  conformation. 

•  When  cyclopentadiene  is  used  as  the  starting  diene,  a  bridged  bicyclic  compound 
is  obtained,  and  the  cycloadduct  is  favored  over  the  cycloadduct. 

*  Conservation  of  orbital  symmetry  determines  whether  an  electrocyclic  reaction 
occurs  in  a  fashion  or  a  fashion. 

*  A  [   ]  sigmatropic  rearrangement  is  called  a  Cope  rearrangement 

when  all  six  atoms  of  the  cyclic  transition  state  are  carbon  atoms. 

*  Compounds  that  possess  a  conjugated  n  system  will  absorb  UV  or  visible  light  to 
promote  an  electronic  excitation  called  a  transition. 

*  The  most  important  feature  of  the  absorption  spectrum  is  the  ,  which 

indicates  the  wavelength  of  maximum  absorption. 

*  When  a  compound  exhibits  a  XmQX  above  400  nm,  the  compound  will  absorb 
 light,  rather  than  UV  light. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  17.  The  answers  appear  in  the  section  entitled 
SkillBuilder  Review. 

17.1  Proposing  the  Mechanism  and  Predicting  the  Products  of  Elect  rophilic  Addition  to  Conjugated 
Dienes 

IN  THE  SPACE  PROVIDED,  DRAW  THE  MECHAMSM  OF  THE  REACTION  THAT  tS  EXPECTED  TO  OCCUR  WHEN  THE  FOLLOWING  COMPOUND 
IS  TREA  TED  WtTH  hfflr.  MAKE  SURE  TO  DRAW  ALL  POSSIBLE  PRODUCTS. 


17.2  Predicting  the  Major  Product  of  an  Electrophilic  Addition  to  Conjugated  Dienes 


DRAW  THE  MAJOR  PRODUCTS  OF  THE  FOLLOWING  REACTION: 


17  J  P red ieli ng  the  Prod uct  of  a  Diels-A Ide r  React io n 


DRAW  THE  MAJOR  PRODUCTS  OF  THE  FOLLOWING  REACTION: 


17.4  Predicting  the  Product  of  an  Elect rocyclic  Reaction 


DRAW  THE  MAJOR  PRODUCTS  OF  THE  FOLLOWING  REACTION: 

Ph 
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17,5  Using  Wimdward-Fiestr  Rules  ti>  Estimate  /.ra 


USE  WOODWA  RD-FIESER  RULES 

BASE  VALUE    =       (_  j 

TO  ESTSMA  TE  >W  FOR  THE 
FOLLOWING  COMPOUND: 

ADDITIONAL  DOUBLE  BONDS  m  {^^) 

j6oa 

AUXOCHROmC  ALKYL  GROUPS  =       [  ^ 
EXOCVCLtC  DOUBLE  BOND   =       (  J 
HVfAOANNULAH  DltHt    -    {'  j 

TOTAL  ■  (^^^^^ 

Review  of  Reactions 

Predict  the  Products  for  each  of  the  following  transformations.  To  verify  that  your 
answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  1 7.  The  answers  appear 
in  the  section  entitled  Review  of  Reactions. 


Preparation  of  Die  ties 


t-BuOK 


Br 


f-BuOK 


L3r 


Electrophilic  Addition 

H-Br 


Br,i 


Diels-Alder  Reaction 


.  r 


Diels-Alder 


Retro  Diels-Alder ^ 
(very  high  temperature) 


+ 
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Electrocyclic  Reaction  a 


H 

Sigmatropic  Rearrangements 

Cope  Rearrangement 


heat 


Chi  is  en  Re  ci  r ran  ge tn  e  n  t 

CT  heat 
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Solutions 


17.1. 


HO 
HO 


a) 


conjugated 


OH 


isolated 


conjugated 


Isolated 


\ 


conjugated 


isolated 


conjugated 
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17.3. 
2 


Bond  Length 


C1-C2 


C2-C3 


C3-C4 


17.4. 


The  conjugated  dietie  will  liberate  the  least  heat  because  it  is  the  most  stable  of  the  three 
compounds. 


b)  ' 

This  isolated  diene  will  liberate  more  heat  than  the  other  isolated  diene,  because  the  Jt 
bonds  in  this  compound  are  not  highly  substituted  (one  %  bond  is  monosubstituted  and  the 
other  is  disubstituted).  In  the  other  isolated  diene,  the  n  bonds  are  disubstituted  and 
tri  substituted  (and  therefore  more  stable). 


17.5.  In  the  compound  below,  all  three  jl  bonds  are  conjugated: 


r 


386  CHAPTER  17 

17A 


GROUND  EXCITED 
STATE  STATE 


  \|/6    \j/6  LUMO 

  l\f5    LUMO  — \)/5  HOMO 

l|/4    HOMO  -J —  \|/4 


—  V:  —  ¥2 
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17*8.    The  first  diene  can  be  proton ated  either  at  C 1  or  at  C4.  Each  of  these  pathways 
produces  a  resonance  stabilized  carbocation.  And  each  of  these  carbocations  can  be 
attacked  in  two  positions,  giving  rise  to  four  possible  products.  In  contrast,  the  second 
diene  yields  the  same  carbocation  regardless  of  whether  protonation  occurs  at  CI  or  at 
C4.  This  resonance- stabilized  carbocation  can  be  attacked  in  two  positions,  giving  rise  to 
two  products. 


(racemic) 


17.10. 

a) 

Br 

(Y      rV  ,  cta 

rTiajor  minor 


major  minor 


c) 

Br 


major  Br  minor 


17.11.    In  this  case,  the  it  bond  in  the  1,2-adduct  is  more  substituted  than  the  n  bond  in 
the  1 ,4-adduct  (trisubstituted  rather  than  di substituted).  As  a  result,  the  l,2~adduct 
predominates  at  either  low  temperature  or  high  temperature. 
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17,12.    In  this  case,  1,2 -addition  and  1 ,4-addition  yield  the  same  product. 

Br  (racemic) 
(racemic) 


/V       HBr  Br-_XX 

o 
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(meso)  (meso) 
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17.16. 


17.17.  The  2£,4E  isomer  is  expected  to  react  more  rapidly  as  a  diene  in  a  Diels-Alder 
reaction,  because  it  can  readily  adopt  an  s -trans  conformation. 


In  contrast,  the  2ZJZ  isomer  is  expected  to  react  more  slowly  as  a  diene  in  a  Diels-Alder 
reaction,  because  it  cannot  readily  adopt  an  s-itans  conformation,  as  a  result  of  steric 
hinderance. 


(2Z,  4Z)-hexadiene 


Me'n'Me 


17.18. 


Reactivity  in  Diels-Alder  reactions 


CO 

locked  in  an 

sets 
conformation 


CO 

locked  in  an 

s-trans 
conformation 
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C) 


+En 


17.20.  We  first  consider  the  HOMO  of  one  molecule  of  butadiene  and  the  LUMO  of 
another  molecule  of  butadiene.  The  phases  of  these  MOs  do  not  align,  so  a  thermal 
reaction  is  symmetry -forbidden.  However,  if  one  molecule  is  photochemical ly  excited, 
the  HOMO  and  LUMO  of  that  molecule  are  redefined.  The  phases  of  the  frontier  orbital  s 
will  align  under  these  conditions,  so  the  reaction  is  expected  to  occur  photochemically. 


17.21. 

a) 


(meso) 

b) 


CHAPTER  17  395 


396  CHAPTER  17 


17.23. 

a) 


h) 


heat 


light 


17.24. 

a)  a  tries o  compound 

b)  a  pair  of  enantiomers 

c)  a  pair  of  enantiomers 


17.25. 


a) 


Et 


Not  formed 
Ethyl  groups  are  too  crowded 


[3;3]  Sigmatropic  rearrangement 


b)  [3,3]  Sigmatropic  rearrangement 

c)  The  ring  strain  associated  with  the  three-mem bered  ring  is  alleviated.  The  reverse 
process  would  involve  forming  a  high- energy,  three- mem  bered  ring.  The  equilibrium 
disfavors  the  reverse  process. 


CHAPTER  17 


17.27. 

a) 


17.29. 
a) 

Base  =  217 

Additional  double  bonds  =  0 

Auxochromic  alkyl  groups  =  +25 

Exocyclic  double  bond  =  +5 

Homoannular  diene  =  0 
Total  =  247  nm 
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b) 

Base  =  217 

Additional  double  bonds  -  +30 

Auxochromic  alky]  groups  -  +25 

Exocyclic  double  bond  =  +5 

Homoannular  diene  -  0 
Total  =  277  nm 


c) 

Base  =  217 

Additional  double  bonds  -  +30 

Auxochromic  aJkyJ  groups  -  +30 

Exocyclic  double  bonds  =  +15 

Homoannular  diene  -  0 
Total  -  292  nm 


d) 

Base  =  217 

Additional  double  bonds  =  +30 

Auxochromic  alkyl  groups  -  +35 

Exocyclic  double  bonds  -  +5 

Homoannular  diene  =  +39 

Total  =  326  nm 


1730 


17.31. 

a)  Blue. 

b)  Red -Orange. 

c)  Blue-violet. 


17.32. 
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17.33. 


17.34. 

a)  These  drawings  represent  two  different  conformations  of  the  same  compound:  the 
cis  conformation  and  the  s- trans  conformation.  These  two  conformations  are  in 
equilibrium  at  room  temperature. 

b)  These  drawings  represent  two  different  compounds:  (Z)- 1 ,3  T5-hexatriene  and  (£)- 
1 ,3,5-hexatriene.  These  compounds  are  diastereomers  and  can  be  isolated  from  one 
another. 

c)  These  drawings  represent  two  different  conformations  of  the  same  compound:  the 
cis  conformation  and  the  s-trans  conformation,  These  two  conformations  are  in 
equilibrium  at  room  temperature. 


17.35. 

o  —  a 

(racemic) 

17.36. 


(racemic) 
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17.37. 


or 

:Br: 

+ 

6c 

:Br; 

or 

+ 

:Br: 

(racemic) 

(racemic) 

{racemic) 

(racemic} 

17,39.  An  increase  in  temperature  allowed  the  system  to  reach  equilibrium 

concentrations,  which  are  determined  by  the  relative  stability  of  each  product. 
Under  these  conditions,  the  L4-adducts  predominate,  Once  at  equilibrium, 
lowering  the  temperature  will  not  cause  a  decrease  in  the  concentration  of  the  1 A 
ad  ducts. 
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17.40. 

a)  The  tert-butyl  groups  provide  significant  steric  hinderance  that  prevents  the  compound 
from  adopting  an  $~ci$  conformation. 

b)  This  diene  is  not  conjugated. 

c)  The  methyl  groups  provide  significant  steric  hinderance  that  prevents  the  compound 
from  adopting  an  s-cls  conformation. 

d)  This  diene  cannot  adopt  an  s-cls  conformation 


17.41. 


Reactivity  in  Diels-Alder  reactions 


17.42.  The  %  bonds  in  1.2-butadiene  are  not  conjugated,  and  A.m!lx  is  therefore  lower  than 
217  nm.  In  fact,  it  is  below  200  titn,  which  is  beyond  the  range  used  by  most  UV- 
VIS  spectrometers. 
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17.47. 


Ci 

t! 


C! 


17,48.  The  two  ends  of  the  conjugated  system  are  much  farther  apart  in  a  seven- 
mem  be  red  ring  than  they  are  in  a  five-membered  ring. 


17.49. 


17.50. 


Increasing  Xma 


17.51.  Two  of  the  %  bonds  are  homoannular  in  this  compound,  which  adds  +39  nm 
according  to  Woodward-Fieser  rules. 

COO 

17.52. 

Base     =  217 
Additional  double  bonds  =  +60 
Auxochromic  aJkyJ  groups  -  +35 
Exocyclic  double  bonds  -  +5 
Homoannular  diene  -  +39 
Total  =  356  nm 


17.53.  Each  of  these  transformations  can  be  explained  with  a  [1,5]  sigmatropic 
rearrangement: 


Me  D 


25LC 


25"  C 


Me 
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17.54.  This  transformation  can  be  explained  with  a  [1,5]  sigmatropic  rearrangement: 


D 


(meso) 

b) 


(meso) 


17.57.  The  compound  on  the  right  has  a  ft  bond  in  conjugation  with  the  aromatic  ring, 
while  the  compound  on  the  left  does  not,  Therefore,  the  compound  on  the  right  side  of 
the  equilibrium  is  expected  to  be  more  stable,  and  the  equilibrium  will  favor  the 
compound  that  is  lower  in  energy. 


406  CHAPTER  17 


17.58. 

<:--(•  (cs) 

Not  formed 
Methyl  groups  are  too  crowded 


17.59. 


17.60. 


a)  a-Terpinetie  has  two  double  bonds, 
b) 


c) 


Base     =  217 
Additional  double  bonds  =  0 

Auxochromic  alkyl  groups  =  +20 
Exocyclic  double  bonds  =  0 

Homoannular  diene  =  +39 

Total  =  276  nm 
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17.62. 


17.63.  In  each  case,  the  non-conjugated  isomer  will  be  higher  in  energy: 


a) 


O 


b) 


17.64.  Nitroethylene  should  be  more  reactive  than  ethylene  in  a  Diels-Alder  reaction, 
because  the  nitro  group  is  electron-withdrawing,  via  resonance: 
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17.65. 


■yyc* 


heat 


hoa: 


17,66.  The  diene  is  electron-rich  in  one  specific  location,  as  seen  in  the  second  resonance 
structure  below: 


© 

The  diene  is  - 
electron  rich 
in  this  location 


The  dienophile  is  electron-poor  in  one  specific  location,  as  seen  in  the  third  resonance 
structure  below: 


The 
dienophile  is 
electron  poor 
in  this  location 


These  two  compounds  will  join  in  such  a  way  that  the  electron-poor  center  lines  up  with 
the  electron-rich  center: 


17.67. 


CHAPTER  17  409 


17.68. 


0 


17,69.  The  nitrogen  atom  in  di vinyl  amine  is  sp2  hybridized.  The  lone  pair  is 
de  localized,  and  joins  the  two  neighboring  %  bonds  into  one  conjugated  system.  As  such, 
the  compound  absorbs  light  above  200  run  (UV  light).  In  contrast,  1 ,4-pentadiene  has 
two  isolated  double  bonds  and  therefore  does  not  absorb  UV  light  in  the  region  between 
200  and  400  nm. 


Chapter  18 
Aromatic  Compounds 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  18.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

*  When  a  benzene  ring  is  a  substituent,  it  is  called  a  group. 

*  Dimethyl  derivatives  of  benzene  can  be  differentiated  by  the  use  of  the  descriptors 
 _,  meta  and  .  or  by  the  use  of  iocants 

*  Benzene  is  comprised  of  a  ring  of  six  identical  C-C  bonds,  each  of  which  has  a 
bond  order  of  . 

*  The  stabilization  energy  of  benzene  can  be  measured  by  comparing  of 

hydrogenation. 

*  The  stability  of  benzene  can  be  explained  with  MO  theory.  The  six  n  electrons  all 
occupy  MOs. 

*  The  presence  of  a  fully  conjugated  ring  of  n  electrons  is  not  the  sole  requirement 
for  aromaticity.  The  requirement  for  an  odd  number  of  electron  pairs  is  called 
 rule. 

*  Frost  circles  accurately  predict  the  relative  energy  levels  of  the  in  a 

conjugated  ring  system. 

*  A  compound  is  aromatic  if  it  contains  a  ring  comprised  of  

 and  if  it  has  a  number  it  electrons  in  the 

ring. 

*  Compounds  that  fail  the  first  criterion  are  called  , 

*  Compounds  that  satisfy  the  first  criterion,  but  have  4n  electrons  (rather  than  4n+2) 
are  . 

*  Cyclic  compounds  containing  hetereoatoms,  such  as  S,  N,  O  are  called 

*  Any  carbon  atom  attached  directly  to  a  benzene  ring  is  called  a  

position. 

*  Alkyl  benzenes  are  oxidized  at  the  benzyl ic  position  by  or 


In  a  Birch  reduction,  the  aromatic  moiety  is  reduced  to  give  a  nonconjugated 

diene.  The  carbon  atom  connected  to   is  not  reduced,  while  the 

carbon  atom  connected  to  is  reduced. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below 
in  your  textbook  at  the  end  of  Chapter  1 8 
SkillBuilder  Review. 

18.1   Na ming  a  Poly s ubs lil u ted  Be n/ene 

PROVIDE  A  SYSTEMATIC  NAME  FOR  THE  FOLLOWING  COMPOUND 


t)  IDENTIFY  THE  PARENT 
2)  IDENTIFY  AND  NAME  SUBSTITUENTS 
3/  ASSIGN  LOCANTS  TO  EACH  SUBSTlTUENT 
4)  ALPHABETIZE 


1 8,2  De te rmining  W helhe r  a  Co mpo und  is  A romat ic ,  N onaroma tie,  or  Antia roma lie 

IDENTIFY  EACH  COMPOUND  OR  iON  BELOW  AS  AROMATIC.  ANTIAROMATSC.  OR  NONAROMA  TIC : 

_  9  © 

o  O  o  O 

f      1 1      ) :      )       I  (  ) 


18.3  Determining  Whether  a  Lone  Pair  Pa  rliei  pales  in  A  romat  icily 

Ml  THE  FOLLOWING  COMPOUND,  IDENTIFY  WETHER  EACH  LONE  PAIR  PARTICPATE3  IN  AROMATtClTY: 


18,4  Manipulating  the  Side  Chain  of  an  A  romatic  Compound 

FOR  EACH  TRANSFORMATION  BELOW.  IDENTIFY  THE  TYPE  OF  REACTION  THAT  COULD  BE  USED  SN}.  E2.  ETC.) 


.  To  verify  that  your  answers  are  correct,  look 
.  The  answers  appear  in  the  section  entitled 
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18,5  Predicting  the  Product  of  a  Birch  Reduction 


PREDICT  THE  MAJOR  PRODUCT  OF  THE  FOLLOWING  REACTION: 

O 

Na  ,  CH3OH 

Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  thai  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  1 8.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 


O 
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Solutions 

18.1. 

a)  3-isopropylbenzaldehyde  or  m eta-\ soprop y  1  ben z a  1  de h y de 

b)  2-brornotoluene  or  o rt ho -bro moto luene 

c)  2,4-dinitrophenol 

d)  2-ethyl-L4-diisopropylbenzene 

f)  2,6~dibromo-4-chloro-3-ethyl-5-isopropylphenol 

18.2. 

a)  4-bromo-2~rnethylpheriol 

b)  2-hydroxy-5-bromoto]uene 

c)  4-bromo- 1  -hydroxy-2-methylbenzene 

18.3. 


18A 

a)  meta-xylene 

b)  1,3-dimethylbenzene 

c)  meta-dimethylbenzene 

d)  m  e  ta-  met  h  y  ko  I  uene 

e)  3-methyltoluene 
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18.5. 

O 


a)  W 

b)  3-meth yJperbenzoic  acid  or  meta- methyl pe rben zoic  acid. 


18.6. 


Br 


Br 


Compound  A 

(CsHa) 


Compound  B 
(CeH  SB  r2) 


18.7. 

a)  AH  has  a  positive  value 

b)  AH  has  a  positive  value 

c)  AH  has  a  negative  value 

18.8. 

a)  No,  12  is  not  a  Hiickel  number. 

b)  Yes,  14  is  a  Hiickel  number, 

c)  No,  16  is  not  a  Hiickel  number. 


18.9.  The  cyclopropenyl  cation  is  expected  to  exhibit  aromatic  stabilization. 


18.10.  The  compound  will  be  aromatic  because  there  are  22  it  electron,  and  22  is  a 
Htickei  number. 


^™  Anti  bonding 


Bonding 


18.11. 

a)  antiaromatic 


b)  aromatic 


c)  antiaromatic 


d)  aromatic 
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18,12.    Cyclopentadiene  is  more  acidic  because  its  conjugate  base  is  highly  stabilized. 
Depro  to  nation  of  cyclopentadiene  generates  an  anion  that  is  aromatic,  because  it  is  a 
continuous  system  of  overlapping  p  orbitals  containing  6  n  electrons.  In  contrast, 
deprotonation  of  cycloheptatriene  gives  an  anion  with  8  it  electrons. 


more  stable 


18,13.  The  first  step  of  an  SN1  process  is  loss  of  a  leaving  group,  forming  a  carbocation, 
so  we  compare  the  carbocations  that  would  be  formed. 


The  second  carbocation  is  more  stable,  because  it  is  aromatic,  and  is  therefore  lower  in 
energy  than  the  first  carbocation.  The  transition  state  leading  to  the  second  carbocation 
will  be  lower  in  energy  than  the  transition  state  leading  to  the  first  carbocation,  and 
therefore,  the  second  carbocation  will  be  formed  more  rapidly  than  the  first. 


18*14.    The  first  compound  is  more  acidic  because  deprotonation  of  the  first  compound 
generates  a  new  (second)  aromatic  ring.  Deprotonation  of  the  second  compound  does  not 
introduce  a  new  aromatic  ring: 


18.15. 

a)  One  of  the  lone  pairs  on  oxygen 

b)  One  of  the  lone  pairs  on  sulfur 

c)  The  lone  pair  on  nitrogen  is  NOT  participating  in  aromaticity  (8  pi  electrons). 

d)  One  of  the  lone  pairs  on  sulfur 

e)  There  is  only  one  pair  (on  oxygen)  and  it  is  not  participating  in  aromaticity. 

f)  Each  nitrogen  has  one  lone  pair,  and  neither  is  participating  in  aromaticity. 

g)  The  compound  is  not  aromatic.  In  order  to  achieve  a  continuous  system  of 
overlapping  p  orbitals,  each  oxygen  atom  would  need  to  contribute  a  lone  pair  in  a  p 
orbital,  and  that  would  give  8  ju  electrons  (not  a  HQckel  number). 

h)  One  of  the  lone  pairs  on  oxygen  (not  the  lone  pair  on  the  nitrogen) 
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18.16. 


18,17.    The  first  compound  is  expected  to  be  more  acidic  (has  a  lower  p/Q,  because 
deprotonation  restores  aromaticity  to  the  ring.  The  second  compound  is  already  aromatic, 
even  before  deproto nation, 

r^\©.H  Base 
not  aromatic  aromatic 


18.18. 

a)  Yes,  it  has  the  required  pharmacophore  (two  aromatic  rings  separated  by  one 
carbon  atom,  and  a  tertiary  amine. 

b)  Meclizine  crosses  the  blood-brain  barrier  and  binds  with  receptors  in  the 
central  nervous  system,  causing  sedation. 

c)  Introduce  polar  functional  groups  that  reduce  the  ability  of  the  compound  to 
cross  the  blood-brain  barrier. 


18.19. 

O  O 
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4)  DMS 
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18.24. 


18.25. 


18.27. 

COOH 

r  COOH 

a)  b)  ortho- xylene  c)  ^ 


18.28. 

a)  4-ethylbenzoic  acid  or  para-cihy\ benzoic  acid 

b)  2-bromophenol  or  o  rtho- b  rom  op  hen  o  1 

c)  2-c  h  I oro~4- n i t rop hen o  1 

d)  2-bromo-5-nitrobenzaldehyde 

e)  1,4-diisopropyl  benzene  or  /^ra-diisopropyl  benzene 
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18.29. 
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18.32. 


CI 


Ck 


cr 


ci 


CI 


02N^L  02N      1     NO,  02N 


N02  02N 


2,3,4-  2,3,5^ 
trinitrotoluene  trinitrotoluene 


2,3,6- 
trinitrotoluene 


2:4:5- 
trinitrotoluene 


3,4,5- 
trinitrotoluene 


18.34. 


a)  10 


b)  6 


c)  10 


d) 4        e) 6 


18.35. 

a)  benzene 
d)  cyclohexane 
g)  benzene 
j)  cyclohexane 


b) benzene 
e)  benzene 
h)  benzene 
k)  cyclohexane 


c)  benzene 
f)  cyclohexane 
i)  benzene 
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1836.  a)  Yes        b)  No        c)  No  d)  Yes        e)  No 

18.37. 

aromatic 

b)  One  of  the  lone  pairs  on  the  sulfur  atom  in  the  five-mem  bered  aromatic  ring 


18.38. 

a)  Nonaromatie.  The  Jone  pairs  on  the  oxygen  atom  will  remain  in  up3  hybridized 
orbitals  in  order  to  avoid  anti-aromaticity. 

b)  Nonaromatie.  The  lone  pair  on  the  nitrogen  atom  will  remain  in  an  sp  hybridized 
orbital  in  order  to  avoid  anti-aromaticity, 

c)  Aromatic.  One  of  the  lone  pairs  of  the  sulfur  atom  occupies  a  p  orbital,  thereby 
establishing  a  continuous  system  of  overlapping  p  orbitals,  containing  six  %  electrons. 

d)  Aromatic.  Both  lone  pairs  occupy  sp2  hybridized  orbitals  and  do  not  participate  in 
establishing  aromaticity. 

e)  Aromatic.   A  continuous  system  of  overlapping  p  orbitals,  containing  six  %  electrons. 

f)  Non  aromatic.  The  nitrogen  atom  does  not  have  a  p  orbital,  so  there  is  not  a  continuous 
system  of  overlapping  p  orbitals. 

g)  Aromatic.  The  lone  pair  of  the  oxygen  atom  occupies  a  /;  orbital,  thereby  establishing 
a  continuous  system  of  overlapping  p  orbitals,  containing  six  n  electrons. 

h)  Aromatic.  Both  lone  pairs  occupy  p  orbitals,  thereby  establishing  a  continuous  system 
of  overlapping  p  orbitals,  containing  six  k  electrons. 


18.39. 


a)  °^ 


Loss  of  the  leaving  group  generates  an  aromatic  cation. 

-CI 

b)  ^/        Loss  of  the  leav  ing  group  generates  an  antiaromatic  cation. 


18.40. 


Deprotonation  of  cyclopentadiene  generates  an  aromatic  anion. 
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18.41.  The  second  compound  is  a  stronger  base,  because  the  lone  pair  on  the  nitrogen 
atom  is  localized  and  available  to  function  as  a  base.  However,  the  nitrogen  atom  in  the 
first  compound  is  de localized  and  is  participating  in  aromaticity.  This  lone  pair  is 
unavailable  to  function  as  a  base,  because  that  would  cause  a  loss  of  aromaticity. 

18.42.  Six  it  electrons  are  required  in  order  to  achieve  aromaticity.  This  cation  only  has 
four  electrons. 

-_- 

18.43.  If  both  lone  pairs  occupy  p  orbitals,  then  there  is  a  continuous  system  of 
overlapping  p  orbitals.  There  are  10  k  electrons,  so  the  dianion  is  aromatic. 


18.44.  Yes.  The  lone  pairs  on  the  nitrogen  atoms  do  not  contribute  to  aromaticity. 
They  occupy  sp2  hybridized  orbitals.  One  of  the  lone  pairs  on  the  oxygen  atom  (in  the 
ring)  occupies  a  p  orbital,  giving  a  continuous  system  of  overlapping  p  orbitals  containing 
six  %  electrons. 

18.45.  Steric  hindrance  forces  the  rings  out  of  coplanarity. 

18.46.  Benzene  does  not  have  three  C-C  single  bond  and  three  C-C  double  bonds.  In 
fact,  all  six  C-C  bonds  of  the  ring  have  the  same  bond  order  are  the  same  length. 
However,  cyelooctatetraene  has  four  isolated  n  bonds.  The  molecule  adopts  a  tub  shape 
to  avoid  anti aromaticity.  Some  of  the  C-C  bonds  are  double  bonds  (shorter  in  length), 
and  some  of  the  C-C  bonds  are  single  bonds  (longer  in  length).  Therefore,  the  two 
methyl  groups  can  be  separated  by  a  C-C  single  bond  or  a  C=C  double  bond.  And  those 
two  possibilities  represent  different  compounds. 

18.47. 


CHAPTER  18  423 


18,48. 

a)  6  b)5     0)  3  d)9 


18.49. 


H 


18,50.  m^ta-Xylene. 


18.51. 

a)  The  first  compound  would  lack  C-H  stretching  signals  just  above  3000  cm"  ,  while  the 
second  compound  will  have  C-H  stretching  signals  just  above  3000  cm  V 

b)  The  EH  NMR  spectrum  of  the  first  compound  will  have  only  one  signal,  while  the  ]H 
NMR  spectrum  of  the  second  compound  will  have  two  signals. 

c)  The  l3C  NMR  spectrum  of  the  first  compound  will  have  only  two  signals,  while  the 
C  NMR  spectrum  of  the  second  compound  will  have  three  signals. 

18.52.    When  either  compound  is  deprotonated,  an  aromatic  anion  is  generated,  which 
can  be  drawn  with  five  resonance  structures.  The  resulting  anion  is  the  same  in  either 
case. 


18,53.  In  c y c  1  o heptat rie non e ,  the  resonance  structures  with  C+  and  O-  contribute 
significant  character  to  the  overall  resonance  hybrid,  because  these  forms  are  aromatic. 
Therefore,  the  oxygen  atom  of  this  C=0  bond  is  particularly  electron  rich.  A  similar 
analysis  of  cyclopentadienone  reveals  resonance  structures  with  antiaromatic  character. 
These  resonance  structures  contribute  very  little  character  to  the  overall  resonance  hybrid, 
and  as  a  result,  the  oxygen  atom  of  this  C=0  bond  is  not  as  electron  rich  when  compared 
with  most  C=0  bonds. 
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18.54. 

a)  Each  of  the  rings  in  the  following  resonance  structure  is  aromatic. 


e 

Therefore,  this  resonance  structure  contributes  significant  character  to  the  overall 
resonance  hybrid,  which  gives  the  azulene  a  considerable  dipole  moment. 


3)  H20 


18.56. 
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18.58. 


a 

a)  3)PCC;CH2CI2 


1)  NBS,heat  ^^y^^H 

2)  NaOH 


*S      1)  NBS:  heat        (^^^  O^- 


b)  2)  NaOEt 


OH 


c) 


1 )  cone.  H2SO4,  heat 

2)  BH3  *THF 

3)  H2021  NaOH 


OH 
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18.61. 

a)  The  second  compound  holds  greater  promise  as  a  potential  antihistamine,  because  it 
possesses  two  planar  aromatic  rings  separated  from  each  other  by  one  carbon  atom.  The 
first  compound  has  only  one  aromatic  ring.  The  ring  with  sulfur  and  oxygen  is  not 
aromatic  and  not  planar. 

b)  Yes,  because  it  lacks  polar  functional  groups  that  would  prevent  it  from  crossing  the 
blood-brain  barrier. 


18,62.   No,  this  compound  possesses  an  allene  moiety  (C-C-C).  The  p  orbitals  of  one 
C=C  bond  of  the  allene  moiety  do  not  overlap  with  the  p  orbitals  of  the  other  C=C  bond. 
This  prevents  the  compound  from  having  one  continuous  system  of  overlapping  p 
orbitals. 


18.63. 


Compound  A         Compound  B        Compound  C     Compound  D 


18,64.  The  nitrogen  atom  in  compound  A  is  localized  and  is  not  participating  in 
resonance.  The  nitrogen  atom  in  compound  B  is  delocalized,  and  some  of  the  resonance 
structures  are  aromatic.  These  resonance  structures  contribute  significant  character  to  the 
overall  resonance  hybrid.  The  nitrogen  atom  in  compound  B  is  not  available  to  function 
as  a  base. 

18,65. 
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18.66. 


MCPBA 

V 


Chapter  19 
Aromatic  Substitution  Reactions 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  19.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  In  the  presence  of  iron,  an  aromatic  substitution  reaction  is 

observed  between  benzene  and  bromine. 

•  Iron  tri bromide  is  a  acid  that  interacts  with  Br2  and  generates  Br+, 

which  is  sufficiently  electrophilic  to  be  attacked  by  benzene. 

•  Electrophilic  aromatic  substitution  involves  two  steps: 

o    Formation  of  the  complex,  or  arcnium  ion. 

o    Deprotonation,  which  restores  

•  Sulfur  trioxide  (SO3)  is  a  very  powerful  that  is  present  in  fuming 

sulfuric  acid.  Benzene  reacts  with  SO^  in  a  reversible  process  called  . 

•  A  mixture  of  sulfuric  acid  and  nitric  acid  produces  the  nitronium  ion  (N02+). 
Benzene  reacts  with  the  nitronium  ion  in  a  process  called  , 

•  A  nitro  group  can  be  reduced  to  an  group. 

•  Fried  el-Crafts  alky  J  a  Hon  enables  the  installation  of  an  alkyl  group  on 

 ..  When  choosing  an  alkyl  halide,  the  carbon  atom 

connected  to  the  halogen  must  be  hybridized. 

•  When  treated  with  a  Lewis  acid,  an  acyl  chloride  will  generate  an  ion, 

which  is  resonance  stabilized  and  not  susceptible  to  rearrangements. 

•  When  a  Fried  el -Crafts  acylation  is  followed  by  a  Clcmmcnsen  reduction,  the  net 
result  is  the  installation  of  an  group. 

•  An  aromatic  ring  is  activated  by  a  methyl  group,  which  is  an  -  

director, 

•  All  activators  are   directors 

•  A  nitro  group  deactivates  an  aromatic  ring  and  is  a  director. 

•  Most  deactivators  are  directors. 

•  Strong  activators  are  characterized  by  the  presence  of  a  

immediately  adjacent  to  the  aromatic  ring. 

•  Strong  deactivators  are  powerfully  electron- withdrawing,  either  by 
 or  . 

•  When  multiple  substituents  are  present,  the  more  powerful  

dominates  the  directing  effects. 

•  In  a  nucleophilic  aromatic  substitution  reaction,  the  aromatic  ring  is  attacked  by 

a  .  This  reaction  has  three  requirements:  1 )  the  ring  must  contain 

a  powerful  electron-withdrawing  group  (typically  a  group)  2)  the  ring 

must  contain  a  ,  and  3)  the  leaving  group  must  be  either  or 

 to  the  electron-withdrawing  group. 

•  An  elimination-addition  reaction  occurs  via  a  intermediate. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  1 9.  The  answers  appear  in  the  section  entitled 
Ski  I 1  Bit  i  I  de  r  Re  v  ie  w . 


19.1   Identifying  the  Effects  of  ,\  S ubsLituent 


£S£*»    -""a         P       -""1             0          -C=N        "Br       -CX3  _No2 

IN  THE  CORRECT   V                                        .  .  Jl 

CATEGORY  BELOW.          _qR                  r           —  F             —Q         R              — Cl   OH   1  _R 

ACTIVATORS 

DEACTIVATORS 

STRONG 

MODERATE 

WEAK 

WEAK 

MODERATE 

STRONG 

19.2  Identifying  Directing  Effects  for  Disubstituled  and  Poly  substituted  Benzene  Rings 


IN  THE  FOLLOWING  COMPOUND.  IDENTIFY  THE  POSITION 

THAT  SS  MOST  REACTIVE  TOWARDS  ELECTROPHILSC 

AROMATIC  SUBSTITUTION. 

19.3  Identifying  Sterk  Effects  for  Disubstiluted  and  Po  ^substituted  Aromatic  Benzene  Rings 


A!  THE  FOLLOWING  COMPOUND.  IDENTIFY  THE  POSITION 

THAT  SS  MOST REACTIVE  TOWARDS  ElECTROPHILIC 

AROMA  TIC  SUBSTITUTION. 

19.4  Using  Blocking  Groups  to  Control  the  Regiochemical  Outcome 
of  an  Electrophilic  Aromatic  Substitution  Reaction 

IDENTIFY  REAGENTS  THAT  WILL  ACHIEVE  THE  FOLLOWING  TRANSFORMATION: 


430 


CHAPTER  19 


19.5  Proposing  a  Synthesis  for  a  Disubstituted  Benzene  Ring 


IDENTIFY  A  THREE-STEP  PROCESS  FOR  ACHIEVING  THE  FOLLOWING  TRANSFORMATION: 


( 

) 

1 

1  t 

19.6  ProposingiiSjitihesisforaPolysubstituiedBeiizeiieRiog 


19  J  Determining  the  Mechanism  of  an  Aromatic  Substitution  Reaction 

INDICATE  THE  MECHANISM  THAT  OPERATES  IN  EACH  OF  THE  THREE  SCENARIOS  SHOWN  IN  THE  FOLLOWING  DECISION  TREE: 

f  ^ 


ARE  THE  REAGENTS  i 
NUCLEOPHILIC  OR  ELECJ ROPHILIC?  I 


■Q 


ARE  ALL  THREE  CRITERIA 
"  SATISFIED  FOR  A  NUCLEOPHILIC 
AROMATIC  SUBSTITUTION? 
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Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  19.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 

Electroph  ilk  A  torn  atic  Su  bs  tit  a  tie  n 
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Solutions 
19. 1. 
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19.7. 


19.8. 

a)  It  is  necessary  to  perform  an  acylation  followed  by  a  Clemmensen  reduction  to  avoid 
car boc  ation  rearrange  merits. 

b)  It  is  necessary  to  perform  an  acylation  followed  by  a  Clemmensen  reduction  to  avoid 
carbocation  rearrangements. 

c)  It  is  necessary  to  perform  an  acylation  followed  by  a  Clemmensen  reduction  to  avoid 
c  arboc  ati  on  rearrange  merits. 

d)  The  compounds  can  be  made  using  a  direct  Fried  el-Crafts  alkylation. 


19.9.  It  cannot  be  made  via  alkylation  because  the  carbocation  required  would  undergo  a 
methyl  shift  to  give  a  tertiary  carbocation.  It  cannot  be  made  via  acylation  followed  by  a 
Clemmensen  reduction,  because  the  product  of  a  Clemmensen  reduction  has  two  benzylic 
protons.  This  compound  has  only  one  benzylic  proton,  which  means  that  it  cannot  be 
made  via  a  Clemmensen  reduction. 
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19.10. 


'O*  -o- 


AOs 


0 


CP*  -o 

R    -O-  R 


AICI3 
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b) 


IV^  II 
H-O-S-0— H 
"  II 


H 


H20 


II 


OEt 


3 


An 


:oEt 


:0Et 


H  N02 


H  N02 


19.13.  As  show  below,  attack  at  C4  or  C6  produces  a  sigma  complex  in  which  two  of  the 
resonance  structures  have  a  positive  charge  next  to  an  electron-withdrawing  group  (NO?). 
These  resonance  structures  are  less  contributing  to  the  resonance  hybrid,  thereby 
destabilizing  the  sigma  complex.  In  contrast,  attack  at  C5  produces  a  sigma  complex  for 
which  none  of  the  resonance  structures  have  a  positive  charge  next  to  a  nitro  group. 


O2N 


NO, 


+  ©  * 


ATTACK 
ATC4 


OM 


NO, 


Kg, 


02N 


NO; 


02N 


H  NO, 


NO, 


02NT 


ATTACK 
AT  C5 


02N 


O.N 


N02 


02N 


-N02 
H 


N02 


N©  ATTACK 
.0:     AT  C6 


02N' 


N02 


H 

N02 


0,N 


NO, 


"o2N^® 
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19.14.  The  chlorine  atom  in  chiorobeuzene  deactivates  the  ring  relative  to  benzene.  If 
benzene  requires  a  Lewis  acid  for  chlorination,  than  chlorobenzene  should  certainly 
require  a  Lewis  acid  for  chlorination. 


19.15.  Ortho  attack  and  para  attack  are  preferred  because  each  of  these  pathways 
involves  a  sigma  complex  with  four  resonance  structures  (shown  below).  Attack  at  the 
met  a  position  involves  formation  of  a  sigma  complex  with  only  three  resonance 
structures,  which  is  not  as  stable  as  a  sigma  complex  with  four  resonance  structures.  The 
reaction  will  proceed  more  rapidly  via  the  lower  energy  sigma  complex,  so  attack  takes 
place  at  the  ortho  and  para  positions  in  preference  to  the  meta  position. 


19.16. 

a)  The  nitro  is  strongly  deactivating  and  meta-direcimg. 

b)  An  acyl  group  is  moderately  deactivating  and  me -directing. 

c)  A  bromine  atom  weakly  deactivating  and  oriho,  para -directing. 

d)  This  group  is  moderately  deactivating  and  /rze/tf -directing. 

e)  This  group  is  moderately  deactivating  and  mem-directing. 

f)  This  group  is  moderately  activating  and  ortho,  para  -directing. 


19.17 


This  ring  is 
moderately 
activated 
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19.18. 


Increasing  reactivity  toward 
electrophilic  aromatic  substitution 


C       B       D  A 


19.19. 
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19,23.  A1J  three  available  positions  are  sterically  hindered. 
19.24. 

O  O 


19.25. 

a)  Yes        b)  No  c)  Yes  d)  No 
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19.26. 


S03H 


19.27. 

a)  The  nitro  group  must  be  installed  in  a  position  that  is  meta  to  each  of  the  OH  groups. 
Even  with  a  blocking  group,  meta  attack  cannot  be  achieved  on  a  highly  activated  ring. 

b)  The  position  that  must  undergo  bromination  is  too  sterically  hindered  because  of  the 
presence  of  the  te/7-butyl  groups. 

19.28. 

a)  Cl2,  AlCb 

b)  HN03,  H2SQ4 

c)  Br?,  FeBr^ 

d)  CH3CH2C1,  A1C13 

e)  CH3CH2COCI,  followed  by  HC1,  Zn[Hg],  heat 

f)  {CH3)2CHCl,  AlCb 

g)  HNO3,  H2SO4,  followed  by  followed  by  HClt  Zn 

h)  CH3C1,  AICI3,  followed  by  KMn04f  NaOHT  heat,  followed  by  H30+ 

i)  CH3CI,  AlCb 


19.29. 


19.30. 

a) 


1)  Br2,  AlBr^ 

2)  Fuming  H2S04        H2N  Br 

3)  HMQ3,  H2SQ4  >=< 

4)  dilute  H2S04 
5}  HCI,  Zn 


b) 

f^s     1)HNQ3,H2S04    ^  °^.^Y 
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c) 


1)  CH3CH2COCl  AJCI3 

2)  HCI,  ZnlHg],  heat 

3)  HN03,  H2S04 

4)  HCI,  Zn 


H3ISL 


1)  HNQ3l  H2SO4 

2)  Cl2,  AICI, 

3)  HCI,  Zn 


e) 


O 


1)  CH3CI,  AICI3 

2)  excess  NBS,  heat 

3)  Br2+  AIBr3 


0 


1)  Br2,  AIBr3 


2)  GH3C!;  AICI3 

3)  excess  NBS;  heat 


g) 


CI 

D  AICI3. 


2)  HCI,  ZnIHgl,  heat 

3)  Fuming  H2S04 

4)  CH3Clt  AICI3 

5)  Dilute  H2S04 


h) 

1)  (CH3)2CHCI,  AICI3 

2)  Fuming  H2S04 

3)  HNO3,  H2S04 

4)  Dilute  H2S04 
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i) 

0 1)  CH3CH2CQCI,  AICI3  C'"Y^T^^ 

3)  HCI,  Zn[Hg],  heat 

j) 

1)CH3CH2COCL  AICI3 

0 2)  HCt,Zn[Hg],  heat 
3)  CH3CH2COCL  AICI3  ^-^^ 

4)  HCI,  Zn[Hg],  heat 


19,31.    The  para  product  wiJl  be  more  strongly  favored  over  the  ortho  product  if  the 
fe//- butyl  group  is  installed  first.  The  steric  hindrance  provided  by  a  tert-bwty\  group  is 
greater  than  the  steric  hindrance  provided  by  an  isopropyl  group.  Of  the  following  two 
possible  pathways,  the  first  should  provide  a  greater  yield  of  the  desired  product. 


19.32. 

a)  Nitration  cannot  be  achieved  effectively  in  the  presence  of  an  amino  group. 

b)  Each  of  the  two  alkyl  groups  is  ortho- para  directing,  but  the  two  groups  are  meta  to 
each  other.  A  Friedel -Crafts  acylation  will  not  work  in  this  case  (see  solution  to  problem 
19.9) 


19.33. 

a) 


Q1)(CH3)2CHCI,AICI3  \)=\/ 
2)  ChUCOCL  AICU 


2)  CH3COCI,  AICI3 

3)  Br2,  AIBr3 
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b) 


1)  CH3CH2COCLAICI3 

2)  HGi,  Zn[HgJ,  heat  H?N 


3)  HN03;  H2SG4 

4)  Br2l  AIBr3 

5)  HCI,  Zn 


c) 


O 


1)  fCH3)aCI,  AICIS 

2)  HNG3;  H2S04 

3)  HCL  Zn 

4)  excess  Cl2 


1)  Br2,  AIBf3 

2)  Fuming  H2S04 
3}C\2,  AICI3 


Br 


a 


CI 


NH2 

c: 


S03H 


19.34. 


0 


1)  (CH3)2CHCI,  AICI3 

2)  Fuming  H2S04 

3)  excess  Br2l  AtBr3 

4)  Dilute  H2S04 

5)  KMn04,  NaOK  heat 

6)  H30+ 

7)  Cl25  AICI3 


O  OH 


a) 

b)  The  sixth  position  is  sterically  hindered  by  the  presence  of  the  CI  atoms. 

c)  The  ring  is  deactivated  because  all  five  groups  are  deactivators. 


19.35. 


Br. 


CI 


-N02 


NaOCH3l  heat 


Br, 


HXO- 


-NG2 
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19.36. 


1)  Cla,  AICI3 

2)  HNQ3i  H2SQ4 


HO 


3)  NaOH;  heat 

4)  H30+ 

5)  HCI,  Zn 


19.37. 


a)  Each  additional  nitre  group  serves  as  a  reservoir  of  electron  density  and  provides  for 
an  additional  resonance  structure  in  the  sigma  complex,  thereby  stabilizing  the  sigma 
complex  and  lowering  the  energy  of  activation  for  the  reaction. 

b)  No,  a  fourth  nitro  group  would  not  be  art  ho  or  para  to  the  leaving  group,  and  therefore 
cannot  function  as  a  reservoir. 


19.38. 


19.39. 


o 


1)CI2,  AICI3 


O  OCH3 


2)  NaOH;  heat 

3)  CH3I 


19.40. 


0 
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19.41. 


b) 


c)  No 

d)  Yes 


19.43. 
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19.44. 


Increasing  Reactivity  toward  Electrophilic  Aromatic  Substitution 


least  activated  most  activated 


19.46. 


19.48. 

a)  This  group  is  an  activator  and  an  ortho, para -director. 

b)  This  group  is  an  activator  and  an  or! ho, purti -director. 

c)  This  group  is  an  activator  and  an  ortho,para -director. 

d)  This  group  is  a  deactivator  and  an  o  rt  I w, par  a- director. 

e)  This  group  is  a  deactivator  and  a  metti -director. 

f)  This  group  is  a  deactivator  and  a  meta- director. 

g)  This  group  is  a  deactivator  and  a  /^-director. 

h)  This  group  is  a  deactivator  and  a  mcta  -director. 

i)  This  group  is  a  deactivator  and  an  onhoypara-$\rec\ox. 
j)  This  group  is  a  deactivator  and  a  meta-direct&r. 


19.49. 
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452 
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CHAPTER  19  453 


19.54. 

a) 


:  I — ci : 


Aici3 


:  1 — ci — AICI3 
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CHAPTER  19  455 


19.55. 


19.57. 

1)  CH3COCI5AICI3  Br 

2)  Br2,  AIBr3 

a)  3)  HCI,  Zn[Hg],  heat 
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b) 


1)  HN031  H2S04 

2)  Bf2l  AiBr3 

3)  HCI,  Zn 


H.N 


Br 


c) 


1)  CH3COaAICI3  ^ 

2)  HN03>  HaS04 

3)  HCI,Zn[Hg],  heat 


19.58. 

a)  The  second  step  of  the  synthesis  will  not  work,  because  a  strongly  deactivated  ring  will 
not  undergo  a  Friedel -Crafts  alkylation.  The  product  of  the  first  step,  nitrobenzene,  will 
be  unreactive  in  the  second  step. 

b)  The  second  step  of  the  synthesis  will  not  efficiently  install  a  propyl  group,  because  a 
carbocation  rearrangement  can  occur,  which  will  result  in  the  installation  of  an  isopropyl 
group. 

c)  The  second  step  of  the  synthesis  will  not  install  the  acyl  group  in  the  met  a  position.  It 
will  be  installed  in  a  position  that  is  either  ortho  or  para  to  the  bromine  atom. 

d)  The  second  step  of  the  synthesis  will  not  install  the  bromine  atom  in  the  ortho  position, 
because  of  steric  hindrance  from  the  tert- butyl  group.  Bromi nation  will  occur  primarily 
at  the  para  position. 


19.59. 
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19.60. 


N02 

2,4,6-  trinitrophenol 
(picric  acid) 
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19.62. 


CHAPTER  19  459 


19.63. 


a) 


o 


h) 


®  H 


0 
ii 

:n 


H 


c) 


H  E 


H  E 


H  E 


d)  The  nitroso  group  should  be  ortho-para  directing,  because  attack  at  the  art  ho  or  para 
position  generates  a  sigma  complex  with  an  additional  resonance  structure. 


e)  The  nitroso  group  is  a  deactivator,  yet  it  is  an  ortho-para  director  Just  like  a  chlorine 
atom. 


19.65. 


H  CI  H  CI  H  CI 
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19.66. 

a)  Toluene  is  the  only  compound  containing  an  activated  ring,  and  it  is  expected  to 
undergo  a  Friedel -Crafts  reaction  most  rapidly  to  give  ortho-ethyi toluene  and  para- 
ethyl  toluene. 

b)  Anisole  is  the  most  activated  compound  (among  the  three  compounds),  and  is  expected 
to  undergo  a  Friedel -Crafts  reaction  most  rapidly  to  give  tfrf/zij-ethyl anisole  and  para- 
ethylanisole. 

19.67. 


O 


Compound  A  Compound  B 


19.68. 


OCH3 


2)  HN£%,  H2S04 


a) 


OCH3 


b) 


1)  HN03l  H2S04 

2)  Br2s  AlBr3 


OCH 


NO. 


c) 


1)  Fuming  H2S04 

2)  HN03>  H2S04 

3)  Dilute  H2S04 

4)  KMn04,  NaOH;heat 

5)  H30+ 


N02 


d) 


1)  KMn04!NaOH>heat 

2)  H30+ 

3)  HN03;  H2S04 
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19.69. 


O     Br  O 
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19.71.  Attack  at  the  C2  position  proceeds  via  an  intermediate  with  three  resonance 
structures: 


In  contrast,  attack  at  the  C3  position  proceeds  via  an  intermediate  with  only  two 
r  e  son  a  nc  e  structures: 


The  intermediate  for  C2  attack  is  lower  in  energy  than  the  intermediate  for  C3  attack. 
The  transition  state  leading  to  the  intermediate  of  C2  attack  will  therefore  be  lower  in 
energy  than  the  transition  state  leading  to  the  intermediate  of  C3  attack.  As  a  result,  C2 
attack  occurs  more  rapidly. 


19.72. 


a) 


b) 


1)  CI21  AICI3 

2)  HN03l  H2S04 


3)  NaOH 

4)  CH3I 

5)  Br2,  AIBr3 

1)  (CH3)2CHC!,  AIC!3 

2)  (CH3)2CHCL  AlgU 

3)  HNQ3,  H2S04  ^ 

4)  KMn04;  NaOH,  heat 

5)  H30+ 


OMe 


N02 


COOH 


1)  HN03l  H2S04 

2)  G\2l  AICI3 

3)  HCI,  Zn 
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1)  (CH3)3CCI,AICI3 

2)  HN031  H2S04 
 > 

3)  Br2;  AIBr3 

4)  Cl2,  AICI3 


N02 


1)  CH3CH2COCL  AJCI3 

2)  HNO3,  H2S04 

3)  Ct2>  AICI3 


1)  {CH3)2CHCI,  AICI3 

2)  Br2l  AIBr3  

3)  KMn04>  NaOH;  heat 

4)  H30+ 

4)  HN031  H2S04 

5)  Cl2,  AICI3 


1  >  Cla*  AICI3 

2)  HN03;  H2S04 

3)  NaOB;  heat 

4)  Cl2+  AICI3 


OEt 


N02 


lKCH3)aCHCI,  AICI3 

2)  CH3CH2COCr,  AICt3 

3)  HN03l  H2S04 

4)  Ci2l  AICI3 


1)  CI 


Arc  i, 


2}  Br2,  AIBr3 
3)  HN03,  H2S04 
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19.73. 


1;2,4-triinethylbenzene 

19,74.  Brornination  at  the  para  position  occurs  more  rapidly  because  ortho  attack  is 
sterically  hindered  by  the  ethyl  group: 


Compound  A  Compound  B 


Br2l  AIBr3 

V 


19.76. 


b)  The  reaction  proceeds  via  a  carbocation  intermediate,  which  can  be  attacked  from 
either  face,  leading  to  a  racemic  mixture. 
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19.77. 

The  OH  group  activates  the  ring  toward  electrophilic  aromatic  substitution  because  the 
OH  group  donates  electron  density  via  resonance. 


®.CH3 


XHo 


This  effect  gives  electron  density  primarily  to  the  ortho  and  para  positions,  as  seen  in  the 
resonance  structures  above.  These  positions  are  shielded,  and  the  protons  at  these 
positions  are  expected  to  produce  signals  farther  upfield  than  protons  at  the  meta  position. 
According  to  this  reasoning,  the  meta  protons  correspond  with  the  signal  at  7.2ppm. 


N02 


N02 

2,4,6- trinitrotoluene 


19.79. 

a)  A  phenyl  group  is  an  ortho-para  director,  because  the  sigma  complex  formed  from 
ortho  attack  or  para  attack  is  highly  stabilized  by  resonance  (the  positive  charge  is  spread 
over  both  rings).  The  ortho  position  is  sterically  hindered  while  the  para  position  is  not, 
so  we  expect  nitration  to  occur  predominantly  at  the  para  position: 
HN03 

*  -NO? 


b)  This  group  withdraws  electron  density  form  the  ring  via  resonance  (the  resonance 
structures  have  a  positive  charge  in  the  ring).  As  a  result,  this  group  is  a  moderate 
deactivator,  and  therefore  a  meta -direct or: 

O  O 

H2S04  I  J 


19.80. 
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19.81. 


resonance 
stabilized 


T 

© 

:oh       :oh  :oh       :oh  :oh       :oh  :oh  :oh 
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19.82. 


19.83.  The  amino  group  in  MN-dimethylanilirie  is  a  strong  activator,  and  therefore,  an 
ortho-para  director.  For  this  reason,  bromination  occurs  at  the  ortho  and  para  positions. 
However,  in  acidic  conditions,  the  amino  group  is  protonated  to  give  an  ammonium  ion. 
Unlike  the  amino  group,  an  ammonium  ion  is  a  strong  deactivator  and  a  meta  director. 
Under  these  conditions,  nitration  occurs  primarily  at  the  meta  position. 


Chapter  20 
Ketones  and  Aldehydes 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  20.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  The  suffix  "  "  indicates  an  aldehydic  group,  and  the  suffix  "  '*  is  used 

for  ketones. 

•  The  electrophilicity  of  a  carbonyl  group  derives  from  effects,  as 

well  as  effects. 

•  A  general  mechanism  for  nucleophilic  addition  under  basic  conditions  involves 
two  steps 

1)  nucleophilic  attack  to  generate  a   intermediate. 

2)   

•  The  position  of  equilibrium  is  dependent  on  the  ability  of  the  nucleophile  to 
function  as  a  , 

•  In  acidic  conditions,  an  aldehyde  or  ketone  will  react  with  two  molecules  of 
alcohol  to  form  an  , 

•  The  reversibility  of  acetal  formation  enables  acetals  to  function  as 

 groups  for  ketones.  Acetals  are  stable  under  strongly  

conditions. 

•  In  acidic  conditions,  an  aldehyde  or  ketone  will  react  with  a  primary  amine  to 
form  an  . 

•  In  acidic  conditions,  an  aldehyde  or  ketone  will  react  with  a  secondary  amine  to 
form  an  . 

•  In  the  Wolff-Kishncr  reduction,  a  hydrazone  is  reduced  to  an  .   under 

strongly  basic  conditions. 

•  In  acidic  conditions,  all  reagents,  intermediates,  and  leaving  groups  either  should 
be  or  should  bear  one  charge. 

•  of  acetals,  imines,  and  enamines  under  acidic  conditions 

produces  ketones  or  aldehydes. 

•  In  acidic  conditions,  an  aldehyde  or  ketone  will  react  with  two  equivalents  of  a 
thiol  to  form  a  . 

•  When  treated  with  Raney  nickel,  thioacetals  undergo  desulfurization  to  yield  a 
 group. 

•  When  treated  with  a  hydride  reducing  agent,  such  as  lithium  aluminum  hydride 
(LAH)  or  sodium  borohydride  (NaBRj),  aldehydes  and  ketones  are  reduced  to 


*  The  reduction  of  a  carbonyl  group  with  LAH  or  NaBH4  is  not  a  reversible 
process,  because  hydride  does  not  function  as  a  . 

•  When  treated  with  a  Grignard  agent,  aldehydes  and  ketones  are  converted  into 
alcohols,  accompanied  by  the  formation  of  a  new  bond. 
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*  Grignard  reactions  are  not  reversible,  because  carbanions  do  not  function  as 

*  When  treated  with  hydrogen  cyanide  (HCN\  aldehydes  and  ketones  are  converted 

into  .  For  most  aldehydes  and  unhindered  ketones,  the 

equilibrium  favors  formation  of  the  . 

*  The  Wittig  reaction  can  be  used  to  convert  a  ketone  to  an  . 

*  A  Bacycr-Villiger  oxidation  converts  a  ketone  to  an  by  inserting 

 next  to  the  carbonyl  group.  Cyclic  ketones  produce 

cyclic  esters  called  . 


Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  20.  The  answers  appear  in  the  section  entitled 
SkillBuilder  Review, 


20*  1 :  Na  mi  o  g  A  Ide  h  y  deft  and  Ke  1  ones 


PROVIDE  A  3  /$  TEMA  ■  #C  NAME  <CH  THE  FOLLOWING  COMPOUND 


Y 

c 


>oCi 


IDENTIFY  THE  PARENT 

IDENTIFY  A  ND  NAME  SUBS  TtTuEN  T£ 


ASSIGN  LOC ANTS  TO  EACH  SUBS TITUENT 
4)  ALPHABETIZE 

ASSIGN  CONFIG  URA  TION 


20,2:  Drawing  the  Mechanism  of  Aeetal  Formation 


Oft  AM*  MSCHAMSU  f-Of*  !r!t  4C;C-C*,;AL*<s!zl;  CONViflS.'Cm  (>  A  rihlONk  '  0  A  HE  'J. 'ACE  7  A I 
MAKE  SURE  TO  DRAW  ALL  CURVED  ARROWS  AND  INTERMEDIATES. 


♦0* 

A 


no  h 


:a 


:oh 


DRAW  A  MECHANISM  FOR  THE  ACSD-CA  TAL  YZED  CONVERSION  OF  A  HEMIACETAL  TO  AN  ACETAL. 
MAKE  SURE  TO  DRAW  ALL  CURVED  ARROWS  AND  INTERMEDIATES. 


-H20 


R- 


:or 

'"foR 


20,3:  Drawing  the  Mechanism  of  I  mine  Formation 


DRAW  A  MECHANISM  FOR  THE  ACID-CATALYZED  CONVERSION  OF  A  KETONE  TO  A  CARBINOLAMINE. 
MAKE  SURE  TO  DRAW  ALL  CURVED  ARROWS  AND  INTERMEDIATES. 


•o- 

A   


R-NH2 


:oh 

,,^.N,H 
R 


DRAW  A  MECHANISM  FOR  THE  ACID-CATALYZED  CONVERSION  OF  A 
MAKE  SURE  TO  DRA  W  ALL  CURVED  ARROWS  AND  INTERMEDIATES. 


:oh  h-P 

H  


■H20 


R-NH 


A 
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20,4:  Drawing  the  Mechanism  of  Enamine  Formation 


DRAW  A  MEQHAhltSM  FQR  THE  ACID-CATALYZED  CONVERSION  OF  A  KETONE  TO  A 
MAKE  SURE  TO  DRAW  ALL  CURVED  ARROWS  AND  INTERMEDIA TES. 


A, 


R2NH 


:a 


:oh 


DRAW  A  MECHANISM  FOR  THE  AC!D-CA  TAL  YZED  CONVERSION  OF  A  CA  RBSNOLA  MINE  TO  API  ENAMINE. 
MAKE  SURE  TO  DRAW  ALL  CURVED  ARROWS  AND  INTERMEDIATES. 


:oh  h-^ 

R 


H20 


R2NH 


20,5:  Drawing  the  Mechanism  of  a  Hydrolysis  Reaction 


STEPl-  WClir;!.-,-C  WARDS, 
DRAW  ALL  . 


STEP  2  -  DRAW  ALL  

USINQ  THE  FOLLOWING  RULES: 


IN  ACIDIC  COWJfOGNS.  ALL  REAGENTS,  _ 


POSITIVE  CHARGE. 


SHOULD  t'lHL-H  dt  <;>i\.-<!?t.L  0<-  SHOULD  SEAR  ONE 


20,6:  Planning  an  Alkene  Synthesis  with  a  VVittij;  Reaction 

IDENTIFY  THE  REACTANTS  YOU  WOULD  USE  TO  PREPARE  THE  FOLLOWING  COMPOUND  VIA  A  WITTIG  REACTION: 

  cro 


20,7:  Proposing  a  Synthesis 


BEGIN  BY  ASKING  THE  FOLLOWING 
TWO  QUESTIONS. 

t)  IS  THERE  A  CHANGE  IN  THE 

2J  IS  THERE  A  CHANGE  IN  THE 

? 

IF  THERE  IS  A  CHANGE  IN  THE  CARSON  SKELETON.  CONSIDER  ALL  OF  THE  C-C 
BOND  FORMING  REACTIONS  AND  ALL  OF  THE  C-C  BOND  BREAKING  REACTIONS 
THAT  YOU  HAVE  LEARNED  SO  FAR. 

C-C  BOND-FORMING  RE  AC  TIONS  IN  THIS  CHAPTER: 

C-C  BOND-BREAKING  REACTIONS  IN  THIS  CHAPTER: 

CHAPTER  20  471 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  20.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 


Solutions 

20.1.    a)  5,5-dibromo-2,2-dimethylhexanal 

b)  (3R, 4S)-3,4,5-trimethyl-2- hexan o ne 

c)  2,2,5,5-tetramethylcyclopentanone 

d)  2-propylpentanal 

e)  cyclobutanecarbaldehyde 


20.2.  a) 


b) 


O 


Br  O 


20.3.  (7^4/e)bicyclo[2.2.1]heptan-2-one 

20.4.  a)  1,3-cyclohexanedione        b)  1,4-cyclohexanedione        c)  2,5,8-nonanetrione 
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20.7.    The  carbonyl  group  in  hexafluoroacetone  is  flanked  by  two  very  powerful 

electron-withdrawing  groups  (CF3).  These  groups  withdraw  electron  density  from 
the  carbonyl  group,  thereby  increasing  the  electrophilicity  of  the  carbonyl  group. 
The  resulting  increase  in  energy  of  the  reactant  causes  the  equilibrium  to  favor  the 
product  (the  hydrate). 
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20.8. 


Li) 


H^O© 


Me 


MeC>  OMe 


5  —  5 


0g-H 


Me 


H 


5" 


Me 


Me 


fiSji,  Me 


Me 


'5'  ) 


H 

Me*@"H 


OMe 


b) 


•0-r~\  /vM  ©b-H 
H-.qO 


Et 


0'H     Hp^0fEt      :8'H  HO^OEt 

Et       y\  Et 


Lf 


H 


EtO 


pv  ypEt      o:    EtSof^pEt        o:-x  nS 


Lt 


Et 


Et 


^5  *  H2° 
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b) 


X    H-i:     "OH  ©ovH 


ho: 


ho: 


ho:    :oh  ho/^o®/    ho:   :oh  ho 


ho:  :oh\@0 


H 


ho: 


20.10. 


20.11. 


°  #  1)[H*].HO  QH--H*°,   1  ^ 


U  [H+], 

HO 

OH  p  -  H20 
 ^ 

2)  NaNH2 

3)  EtI 

4)  H30+ 

D  [H+  | 

,  HO 

XOH  ,  -  H^O 
 ^ 

2)  LAH 

3)  H30+ 

1)  [H+ 

s  HO7 

OH  ,  -  H20 



a) 


O     p  1)  [H+],  HO       OH  0  OH 


O     O  1)[H+],HO       OH  ,  -  H20  O  OH 

2)  PhMgBr  (2  equivalents)  -Ph 

3)  H30*  Ph 
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20.15.  Note:  For  each  of  the  mechanisms  shown  below,  ike  first  two  steps  can  be 
reversed  (first  the  amine  attacks  the  carbonyl  group y  and  then  the  tetrahedral 
intermediate  is  protonated).  It  would  be  wise  to  check  your  lecture  notes  to  determine 
if  you  instructor  has  a  strong  preference  for  this  alternate  sequence  of  steps. 

a) 


r 


FT  R 
{R  =  cyctohexyl) 


M 


H  .H 
Me  . 


:oh  ( 

*m> 


Me 


R'^R 


Mc 


-hLO 


MVS 

R  i 

Mc 


b) 


/ — a  m 
/     H— N^Et 


>5k 


®b-H 


Et 


:oh 


9*- 


•N'E« 

6 


Et 


H20 


H©,H 


Et 


478  CHAPTER  20 


20.16. 

9  mi 


NH, 


b)  -^O 


20.17. 

P  [H+ 


20.18. 


a) 

O 


a)CJ  +  u>  (Ju 

i&         %Nx_  [H2S04] 


b)cr  *  o 


c) 

20.19. 


-H20 

[  HaSQ4  1 
NH,  -  H,0 


CO 


IH+1  .OH 

a)  0/  ^  JC 

O  [IT] 
A       H2N  NH2>  A 

b)  VJ       -H20  \_J 
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20.20. 


a) 


HO-NH2 
[TsOH] 

-  H20 


OH 


b> 


H2N-NH2 
[  H2SQ4  ] 
-  H*G 


20,21.    Note:  For  each  of  the  mechanisms  shown  below,  the  first  two  steps  can  be 
reversed  (first  the  amine  attacks  the  carbonyl  group,  and  then  the  tetrahedral 
intermediate  is  prolanated)*  It  would  be  wise  to  check  your  lecture  notes  to  determine 
if  you  instructor  has  a  strong  preference  for  this  alternate  sequence  of  steps. 

a) 

B0EX 


b) 


Me 


Me.     Me  Mc,._.H 
;  4  N 


Mc 


Meog,Me 


-H90 


H  Me 
H%*  NrMe 
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20.24.  a)  N — /  ^         -  H2° 

[H2S04] 


h      [h2so4]  ^ 


-H20 
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20.25.  Note:  The  first  two  steps  of  this  mechanism  can  be  reversed  (first  the  amine 
attacks  the  carhonyl  group,  and  then  the  tetrahedral  intermediate  is  protonated).  It 
would  be  wise  to  check  your  lecture  notes  to  determine  if  you  instructor  has  a  strong 
preference  for  this  alternate  sequence  of  steps. 


H  H 


H  4/-H 


H  N-U^ 


R^R2 
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20.27. 
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20.28. 


:n-L..^-n: 
/--N-^y 


/-■N-;y 


■  N- 


/--N-./0 


H 


:N-[_^isf-.Li  - — 1 


/--N-V 


-N-H 


H  H 


/-N--.7  H 


H^H 


4NH3  +  6CH20 


H 


b) 


S  S 

20.30. 


1)[H+],  HS  SH 


20.29.  a)  ^^K^       2)  Raney  Ni 
0 


CO 


1)  [H+],  HS  SH 
 > 

2)  Raney  Ni 
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20.31. 


a) 


OH  OH  OH 


20.32. 

a)  Below  is  a  mechanism  for  the  Cannizzaro  reaction.  After  a  hydroxide  ion  attacks  one 
molecule  of  benzaldehyde,  the  resulting  tetrahedral  intermediate  functions  as  a  hydride 
delivery  agent  to  attack  another  molecule  of  benzaldehyde,  giving  a  carboxylic  acid  and 
an  alkoxide  ion.  The  alkoxide  ion  then  deprotonates  the  carboxylic  acid,  generating  a 
more  stable  carboxylate  ion.  This  carboxylate  ion  is  then  protonated  when  an  acid  is 
added  to  the  reaction  mixture. 


:oh 


:Q/oh_ 

Ph^H 


H 


Ph'""  "OH 


Ph 


OH 
H 


Ph 


Phi 
H 


OH 


b)  The  function  of  H3O*  in  the  second  step  is  to  serve  as  a  proton  source  to  protonate  the 
resulting  carboxylate  ion. 

c)  Water  is  only  a  weak  acid  (pATa  -  15.74),  and  is  not  sufficiently  strong  to  serve  as  a 
proton  source  for  a  carboxylate  ion  (p#a  of  PhCOOH  is  4.21).  See  section  3.5  for  a 
discussion  of  this  topic. 


20.33. 


HO 


c) 


20.34. 


OH  1)Na2Cr207 


a) 


2)  MeMgBr 

3)  H20 


Me  OH 


X  H2SQ4>H2Q  ^  X 
\  /       2)  MeMgBr  *      \  / 


b) 


OH 


1 )  PCC,  CH2CI2 

2)  MeMgBr 

3)  H20 


OH 
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20.35. 


a) 


b) 


1)  KCN;  HCN 
3)  H20 


l_l  1)KCN,HCI 
2)  H30+ 


HO  y — NH2 


OH 


OH 


20.36. 


a 


OH 


1)  Na2Cr207 
H2S04 ,  H20 


2)  KCN,  HCI 
a)  3)  H30+ 

1)  Na2Cr207 
0H  H2S04  ,  H20 


b) 


KCN,  HCI 

3)  LAH 

4)  H20 


OH  o 
OH 

OH 


20.37.  a) 


b) 


+  Ph3P-CH2 


d) 


+  Ph3P-CH2 


(Y 
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20.40. 


CHAPTER  20 


20.41. 


a) 


1)  BH3  *  THF 

2)  NaOEt 

3)  BH3  *  THF 

4)  H202  ,  NaOH 

5)  Na2Cr2G7 
H2S04  ,  H20 

6)  Ph3P=CH2 


.  o ' 


1)  H2S04,H20:HgS04 

2)  Ph3P=CH2  

3)  BH3  ■  THF 

4)  H202  ,  NaOH 


1)  NBS,  hv 

2)  NaOEt 

3)  BH3  •  THF 

4)  H202  ,  NaOH 

5)  Na2Cr207 
H2S04  ,  H20 

6)  MeMgBf 

7)  H20 


OH 


1)  NBS1  hv 

2)  NaOEt 

3)  03 

4)  DMS 


OH 


5)  excess  MeMgBr 

6)  H20 

7)  Na2Cr207 ,  H2S04  ,  H20 


e) 


1 )  BH3 • THF 

2)  H202  ,  NaOH 

3)  PCC,  CH2CI2 


4)  [H2S04 


H2N  ^ 


-H20 
CH2" 
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4)  [  H+  ]  ,  -  H20 


h) 


1)  PCC,  CH2Ct2 

2)  EtMgBr 

3)  H20  ^ 

4)  Na2Cr207 
H2S04  ,  H20 

5)  [  H+  ]  ,  HO  XOH 

-H20 


20.42. 

O 

2}  H20  H2S°4  -  H2° 

H2SG4  ] 

v  H20 
NH 
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0  1)MeMgBr 


OH 


b)    ^    2)  H20 


PCC> 


°  1)EtMgBr 


2)  H20 


[  H2S04  ] 
(CH3)2NH 

-H20 


Na2Cr207 
H2S04 ,  H20 


O 


0 


Mg 


2)  H20 


OH 


Na2Cr207 


H2S04  ,  H,,0 


Br 

1)Mg 
O 

A3)  h2o 


d)  ^Br 


Mg 


MgBr 


2)  H20 


OH 


PCC 


CH2CI: 


2^2 


Na2Cr207 
H2SQ4  ,  H20 


1)  -^"MgBr 

2)  H20 


CHAPTER  20 


0  1)MeMgBr 
^     2)  H20  * 


OH 


PCC 

CH2CI2 


o 


■WW 


1)  EtMgBr 

2)  H20 


[H+] 
HO-NH2 

-  H20 


Na2Cr207 
H2S04  ,  H20 


O 


q  DMeMgBr 
^    2)  H20 


OH 


PCC  ^ 

CH2CI2 


0 


1)  EtMgBr 


2)  H20 


Na2Cr207 
H2S04  ,  H20 


Ph3P=CHCH3 
-«  


Br. 


Mg 


0 

1)  Jk 


BrMg. 


H 


2)  H20 


Na2Cr207 
H2S04 ,  H20 


0 


A.../ 


KCN;  HCt 


OH  H30+  v  OH 
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h) 


Mg 


D  Ah 


2)  H20 


OH  O 
T  Na2Cr2Q7  ^ 

^      H2S04 ,  H20* 


KCN;  HGI 


OH  1)  LAH 


y0H 


2)  H20  NC 


20.43. 


{because  this  carbonyl  group  is  not  conjugated) 


20. 44.  a)  ( 25,  J/?) -3  -met  h  y  1  -2  -  p  ropy  1  c  y c  lope  n  tan  o  tie 

b)  cyclohexanecarbaldehyde 

c)  3-methyl-2-butenal 

d)  (LS>4-methyl-3-hexanone 


20.46. 

butanal  2-tnetbyfpropanat 
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20.47. 

O 

2,2-dlme  thylpropana  I 
20.48. 

O 

0 

4 -methyt-2-pentanone       3-methyt-2-pentanone      3, 3-dlmethyt-2-bu  tanone 

20.49.  The  carbonyl  group  of  a  ketone  will  never  appear  at  C-1  because  if  it  would  did, 
the  compound  would  be  called  an  aldehyde  rather  than  a  ketone. 


pentanal  2-methyIbutanal  3-methytbutanaI 


2-hexanone  3-hexanone 
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20.52. 


The  latter  alkyl  halide  above  will  be  more  difficult  to  convert  into  a  Wittig 
reagent,  because  it  is  too  sterically  hindered  to  undergo  SN2  attack. 


20.53. 


1)PPh3 


a) 


b) 


SuLi  Ph3^ 


2)  BuLi 


Ph,P. 


0\ 


20.54. 


o 


1)  MeMgBr 


2)  H20 


OH 


b) 


1 )  EtMgBr 

2)  H20 

1)  PhMgBr 


c) 


0 

A 

Ph^Ph      2)  H20 


d) 


Oil 

*  P<LPh 
Ph 

1)  PhMgBr 

2)  H2Q 


HO  Ph 
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20.55. 


o  a0H- 


Na2Cr207 
H2S04  •  H20 


a 


rco3h 


1)  excess  LAH 


"0H  2)H20  -,^0 


20.56. 


a)  -A* 


b) 


N 

A 


c) 


Et(D  OEt 


N' 


HO  CN 


N'°H 

A 


HO 


j) 


OH 


k) 


20.57. 


HO 


*0* 

A, 


HO 


0  ,H 


jTO^i^       ©O.  H 


e,-°'h 


Et      Et       H  "j"  Et 
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O  HO  CN  HO  COOH 

KCN  X  H30+ 


c)  W        "  : 
o 


d) 


RC03H 


o 


20.62. 


H  ©  H  M 


[4+  *Q* 


H  H 


HOv  ©g?    OH  \ 


HO 
H 


OH  \  :0. 


:oh  *o> 


HCT     .0 ■  _.,OH 
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20.65. 


CHAPTER  2ft 


C) 


'OH 


CHAPTER  20 
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20.68. 


H2S04 


KMn04 


"OH 


PCC 

CH2CI2 


20.69. 


a) 
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HO  OH 

[H+] 

-H20 


OH 


O  1)U\H 

2}  H20 


OH 


O  O 


0  o 

\—t 


H30+ 


H+] 


H20 


OH 

o 


OH 


H30+      ^S^0^     Nm  O 


H2S04  ,  H20 


PPhs 


Br 


1 )  excess  NaNH2 


Br       2)  H304 


H2S04  ,  H20 
HgS04 


[H+] 
2  MeOH 

,  (  H20  } 


MeO  OMe 
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O 


20.72. 


m  p: 


1)03 


2)  DMS 


<  ft 

H-OS03H 


Na8H4^ 
MeOH 


^OH 


[H+] 


( -H£0  ) 


NH2 


H    l-y  LOH  ©X 

s  >  -T"  :osoaH 

^  © 


NH2 


NH2^H 


.  •iHX— OH 
H 


H-OSO3H 


9, 
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20.73.  Cyclopropanone  exhibits  significant  ring  strain,  with  bond  angles  of 
approximately  60°.  Some  of  this  ring  strain  is  relieved  upon  conversion  to  the 
hydrate,  because  an  .^"-hybridized  carbon  atom  (that  must  be  120°  to  be  strain 
free)  is  replaced  by  an  sp  -hybridized  carbon  atom  (that  must  be  only  109.5°  to  be 
strain  free).  In  contrast,  cyclohexanone  is  a  larger  ring  and  exhibits  only  minimal 
ring  strain.  Conversion  of  cyclohexanone  to  its  corresponding  hydrate  does  not 
alleviate  a  significant  amount  of  ring  strain. 

20.74.  i  ,2-dioxane  has  two  adjacent  oxygen  atoms  and  is  therefore  a  peroxide.  Like 
other  peroxides,  it  is  extremely  unstable  and  potentially  explosive. 
1,3-dioxane  has  two  oxygen  atoms  separated  by  one  carbon  atom.  This 
compound  is  therefore  an  acetak  Like  other  acetals,  it  is  only  stable  under  basic 
conditions,  but  undergoes  hydrolysis  under  mildly  acidic  conditions. 
L4-dioxane  is  stable  under  basic  conditions  as  well  as  mildly  acidic  conditions, 
and  is  therefore  used  as  a  common  solvent. 


20.75. 

O 


CHAPTER  20 


NBS 

hv 


NaOEt 


1)  BH3»THF 

2)  H202  ,  NaOH 


HO  OH 

t  

[H+] 

(-HzO) 


OH 


PCC 

CH2CI2 


OH  Na2Cr207 


H2S04  ,  H20 


OH 

KCN  p^UCN 
HCI  L^J 


Br 


NBS 

hv 


NaOEt  1 )  BH3  ♦  THF 


2}  H202  ,  NaOH 


OH 


Na2Cr207 
H2S04 
H20 


NH       [ H* ]  ,  NH3 

( -H20 ) 


cf 


L3r 


1)  BH3  *  THF 

2)  H202  ]  NaOH 


OH 


PCC 

CH2CI2 
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O  O 


20.76. 

O 


Compound  A  Compound  8 

a)  Three 

b)  Three 

c)  Compound  A  is  a  ketone,  while  Compound  B  is  an  alkane.  Therefore, 
Compound  A  will  exhibit  a  signal  at  approximately  1715  cm"1,  while 
Compound  B  will  not  exhibit  a  signal  in  the  same  region. 

20.77. 
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20,78. 


O 


or 


20.80.  a) 


b)  The  first  compound  above  would  exhibit  four  signals 


in  its  l3C 


NMR  spectrum, 


while  the  second  compound  would  exhibit  only  three  signals  in  its  JC  NMR 
spectrum. 


20.81. 


20.82. 


20.83.  2,2,4 ,4-Tetramethyl-3-pentanone 


CHAPTER  20  509 


r-^O®       :0%f^H     fCH'tsNH       b®  -o® 

^    H  "  H       ^^©^      -jCHahNH^     ^/  H       H  ^^?^H^ 


;0; 
H  H 


HO 


efc-    oh  <5o?  ✓ TO'.  .OH 


HO" 
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c)  Note:  The  first  two  steps  of  the  mechanism  below  can  he  reversed  (first  the  amine 
attacks  the  carbonyl  group,  and  then  the  tetrahedral  intermediate  is  protonated).  The 
same  is  true  for  attack  of  the  second  carhonyl  group  (half-way  through  the 
mechanism).  It  would  be  wise  to  check  your  lecture  notes  to  determine  if  you 
instructor  has  a  strong  preference  for  this  alternate  sequence  of  steps. 


H  H 

■O-    >b'*     AH-OSG3H    H^/%  H  H 


H  H  / 


H 


H  H 


:oso3h 


u      NHj  H      NHa        \  f\  l_i  IMH2 

//;je  .-o-.  jH2°     h  ,;n;,      ^oso3h  x  ^  /Q-. 


HO- 


:oso3h 


H 


,H 


NH2     /     H-OSO3H  n:  r& 

H  H 


G:oso3h 


II 


:oso3h 
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20.85. 


H  H 
H  •  H 


H^H 


V 

paraformaldehyde 


h?o; 


H  H 

- 

H  H 


H  H 

,   V  „ 

ho  o: 

7SR"  H 

H 


Chapter  21 
Carboxylic  Acids  and  Their  Derivatives 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  2 1 .  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  Treatment  of  a  carboxylic  acid  with  a  strong  base  yields  a  salt. 

•  The  pA'a  of  most  carboxylic  acids  is  between  and  . 

•  Using  the  Hcndcrson-Hassclbalch  equation,  it  can  be  shown  that  carboxylic 
acids  exist  primarily  at  physiological  pH. 

•  Electron-  substituents  can  increase  the  acidity  of  a  carboxylic  acid. 

•  When  treated  with  aqueous  acid,  a  nitrile  will  undergo  ,  yielding  a 

carboxylic  acid. 

•  Carboxylic  acids  are  reduced  to  upon  treatment  with  lithium  aluminum 

hydride  or  borane. 

•  Carboxylic  acid  derivatives  exhibit  the  same  state  as  carboxylic  acids. 

•  Carboxylic  acid  derivatives  differ  in  reactivity,  with  being  the 

most  reactive  and  the  least  reactive. 

•  When  drawing  a  mechanism,  avoid  formation  of  charges  in  acidic 

conditions,  and  avoid  formation  of  charges  in  alkaline  conditions, 

•  When  a  nucleophile  attacks  a  carbonyl  group  to  form  a  tetrahedral  intermediate, 
always  reform  the  carbonyl  if  possible,  but  never  expel  or 

•  When  treated  with  an  alcohol,  acid  chlorides  are  converted  into  . 

•  When  treated  with  ammonia,  acid  chlorides  are  converted  into  . 

•  When  treated  with  a  reagent,  acid  chlorides  are  converted  into 

alcohols  with  the  introduction  of  two  alkyl  groups. 

•  The  reactions  of  anhydrides  are  the  same  as  the  reactions  of  

except  for  the  identity  of  the  leaving  group. 

•  When  treated  with  a  strong  base  followed  by  an  alkyl  halide,  carboxylic  acids  are 
converted  into  . 

•  In  a  process  called  the  Fischer  ester ifi cation,  carboxylic  acids  are  converted  into 
esters  when  treated  with  an  in  the  presence  of  , 

•  Esters  can  be  hydrolyzed  to  yield  carboxylic  acids  by  treatment  with  either 

aqueous  base  or  aqueous  .  Hydrolysis  under  basic  conditions  is  also 

called  . 

•  When  treated  with  lithium  aluminum  hydride,  esters  are  reduced  to  yield 

 .  If  the  desired  product  is  an  aldehyde,  then  is  used  as  a 

reducing  agent  instead  of  LAH. 

•  When  treated  with  a  reagent,  esters  are  reduced  to  yield  alcohols, 

with  the  introduction  of  two  alkyl  groups. 

•  When  treated  with  excess  LAH,  amides  are  converted  into  . 

•  Nitriles  are  converted  to  amines  when  treated  with  , 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  2 1 .  The  answers  appear  in  the  section  entitled 
Skill  Builder  Review. 


2L1  Drawing  the  Mechanism  of  a  Nueleophilie  Aeyl  Substitution  Reaction 


IDENTiFY  THE  TWO  CORE  STEPS  OF ANY  NUCLEOPHILiC  ACYL  SUBSTITUTION  REACTION 

/  \ 

PROTON 

PROTON 

PROTON 

TRANSFER 

TRANSFER 

TRANSFER 

INACiDIC  CONDITIONS, 

IN  ACIDIC  CONDITIONS, 

REQUIRED  tN  ORDER 

THE  GROUP 

THE 

TO  OBTAIN  A 

IS  FIRST PROTONA  TED 

IS  PROTONATED 

BEFORE  IT 

PRODUCT 

21.2  In  tcrcon  verting  Functional  Groups 


IDENTIFY  THE  REAGENTS  NECESSARY  TO  ACHIEVE  EACH  OF  THE  FOLLOWING  TRANSFORMATIONS 
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2L3  Choosing  the  Most  Efficient  C-C  Bond -Forming  Reaction 


C-C  Bond  Forming  Reactions 
for  which  the  Functional  Group 
Remains  in  the  Same  Lttcation 


1)  Xs  RMgBr 

2)  H20 


O 


-C  =  H 


R2CuLi 


1)  RMgBr 


C-C  Bond  Forming  Reactions 
Involving  a  Change  in  the 
Location  of  the  Functional  Group 


Br 


NaCN 


1)  Mg 


2}  C02 
3)  H30" 


H30+ 
heat 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  2 1 .  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 


Preparation  of  Carhoxylic  acids 

Reactions  of  Carhoxylic  Acids 

Br   R^Y°H 

o 

0  H  H 

1   *  X 

R      OH                          R  "OH 

\  / 

R-Br   

R'  OH 
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Preparation  and  Reactions 
of  Acid  Chlorides 

0  0  0 

-^0R       -^NH2  -^N'R 


O 

A, 


CI 


/  j 

o 

R  H 


R 

OH 


H 


Preparation  and  Reactions 
of  Acid  Anhydrides 


Q 

A 


on 


o  X7        ^     o  o 

O  OH 


0  o 

H 

At- 

R 


OH 
H 


O 


Preparation  of  Esters 


O 

R^OH 
O 

R^OH 


Ad 


R^OMe 


O 

R  OR 


Reactions  of  Esters 

/  \ 

0   .  |  ♦  ROH 

R      OR  R'  OH 


0  OH  O  °H 

RANH2       RJ  RJ-H  «TR 


Preparation  of  Amides 


R^CI 


0 

X 

R  NH2 


O 

I 

R  NH2 


Reactions  of  Amides 

/ 


v 


\  0 

A 

R-  "OH 

/ 


R  NH2 
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Preparation  of  Nitrites 

Reactions  of  Nitrites 

~\  o 

R'^Br   R^C?N 

R-C=N 

JJ 

R  OH 

\ 

/ 

RANH2   *  R"C=N 

R-CEN 

0 

R  R 

H  H 

R-CHN 

Solutions 
21.1. 

a)  IUPAC  name  -  pentanedioic  acid 
Common  name  -  glutaric  acid 

b)  IUPAC  name  -  butanoic  acid 
Common  name  =  butyric  acid 

c)  IUPAC  name  =  benzene  carboxylic  acid 
Common  name  =  benzoic  acid 

d)  IUPAC  name  =  butanedioic  acid 
Common  name  -  succinic  acid 

e)  IUPAC  name  =  ethanoic  acid 
Common  name  -  acetic  acid 

f)  IUPAC  name  =  methanoic  acid 
Common  name  =  formic  acid 


21.2. 

O 

11  ci  ci  o 
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213, 

a)  3  3 ,4 ,4-  te  tram  ethylh  ex  anoic  acid 

b)  2-propylpentatioic  acid 

c)  (S)-2-amino-3-phenylpropanoic  acid 


21.4.  The  compound  below  is  more  acidic  because  its  conjugate  base  is  resonance 
stabilized.  The  conjugate  base  of  the  other  compound  is  not  resonance  stabilized. 

O 

I 

H3C  OH 


21.5. 

The  conjugate  base  is  resonance  stabilized,  with  the  negative  charge  spread  over  two 
oxygen  atoms,  just  like  with  carboxylic  acids: 


21.6.  meta -H y d rox y acetoph e non e  should  be  less  acidic  than  pa ra -hy d rox y ac e to p hen o ne , 
because  in  the  conjugate  base  of  the  former,  the  negative  charge  is  spread  over  only  one 
oxygen  atoms  (and  three  carbon  atoms).  In  contrast,  the  conjugate  base  of  para- 
hydroxyacetophenone  has  the  negative  charge  spread  over  two  oxygen  atoms  (more 
stable). 


21.7. 

„%«' 

formic  acid 


K  :oh 


potassium  formate 


21.8.  The  conjugate  base  predominates  under  these  conditions: 

[conjugate  base]    =      (pH-pK*)  __      {5  76  4  ?e)         1  = 
[acid] 

21.9. 

a)  2,3-dichlorobutyric  acid  is  the  most  acidic  and  3,4-dimethylbutyric  acid  is  the  least 
acidic. 

b)  2,2-dibromopropionic  acid  is  the  most  acidic  and  3-bromopropionk  acid  is  the  least 
acidic. 
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21.10. 

a)  Na2Cr207,  H2S04,  H20 

b)  Na2Cr207,  H2S04,  H20 

c)  CH3CI,  MCh  followed  by  Na2Cr207l  H2S04,  H20 

d)  NaCN,  followed  by  H30+?  heal 

or  Mg,  followed  by  C02,  followed  by  H?0+ 

e)  Na2Cr207,  H2S04,  H20 

f)  Mg,  followed  by  C02,  followed  by  H30+ 


21.11. 


a) 


b) 


1)  Mg 

2)  C02 


3)  H30+ 

4)  LAH 

5)  H20 

1)NagCr2Q7,  HgSO^HgO 
/  2)  LAH  \ 
3)  H20 


1)  NBS,  heat 

2)  NaOH 


OH 


21.12. 

a)  propionic  anhydride 

b)  MiV-dipheny  1-propiotiam  ide 

c)  dimethylsucciriate 

d)  A^ethyl-A'-methylcyclobutanecarboxamide 

e)  butyronitrile 

f)  propyl  butyrate 

g)  succinic  anhydride 

h)  methyl  benzoate 
0  phenyl  acetate 


21.13. 

a)  O  b)VJ  c)  H  d) 
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21.14. 

a) 


c) 


Cl: 


..e 

:CI: 
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e) 

ro 


"Hl-h:  ©_H 


NH4 


:0; 


NH3 


OH 


-hp© 

H-N'  H 
H 


:0H 


-IV*:- 


H 

H  "  H 


c0H 


MeOH 


g) 


!0;  ^Me 


OH 


0.H  , 


Me-O-H 


OH/ 


■■''Me  O  H 


Me' 


.*j  %H  @ 

*0-        Me-O-H  /TP; 


OMe 


Me*' 
J 


:OH 

Q:  \ 


H 

H  "  Me 


fir*  H 


Me 


:OH 
t%  r 

O;  H 
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®»t_  H-O-Me  Hp^H 


H-o-Me  ho-^-n;v 


H 

H  -  ""Me 


*0  +  HO  Me 


©■ 

£0: 


MeOI  H 
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2L1S. 


a) 


b) 


c) 


1)  xs  LAH 
CI       2)  H2Q 


1)xs  PhMgBr 


CI        2)  H20 


CI 


1)  LiAI(0R)3H 

2)  H20 

3)  EtMgBr 

4)  H20 


d) 


e) 


I  1}Et2CulJ 
^  3)  H20 


OH 


CI  \=/ 


OH 


OH 


Ph 


Ph 


OH 


OH 


0 


CI 


N-H 


O 


21.19. 


OH 


1)  NagCr2Q7i  H2SQ4!  H2Q 

2)  SOCI2 


CI 
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21.20. 
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21.22. 


1)  NaOH 


OH 


2)  CH3I  X 
[H4],  Et0H,-H2O 


O 

^OEt 


1)SOCi2 


y 


2)  EtOH 


21.23. 

a) 


OH 


o  X 


1)NaOH 


2)  CH3I 
OH        [H4],  EtOH, -H20 


H2S041  H20 


v 


1 )  SOCI2 


b) 


2}  EtOH 
1 ) NaOH 


Na2Cr207 
H2S04;  H20 


O       X"        2)  CH3I 
OH         [H4],  EtOH,  -H20 


y 


o 

V^OEt 


o 

"V^^OEt 


v 


1)  SQCIa 

2)  EtOH 


y 


21.24. 

j?  1)xsLAH 

a)  I 

o 


2)H20    "  ; 


1)xs  EtMgBr 

^OMe  " 

b) 


OMe     2)  h2q      »     V^OH    -  MeOH 


O 

O  1)xsLAH 
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21.25, 


»   H@.H> 

Vo:  W^>:      H-fi-j-L  HO-gJ: 


H-O-H 


:oh 


H 

H  "  H 


*0*  H-O-H  £0 

HO  OH  *~  ' 


:oh  h 


HO  OH 


=^  HO 


21.26. 
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CI      1)  excess  MH3  ^^f^NH 

2)  LAH 

3)  H20 


H  ^H' 

@li  '4%Lu  H-O-H 


*  c,rH 


h,     'P^n.'.      h-o-h^     ho-J-n'.  h-o-h^ 


:oh 


f 
H 


p-  H-o-H 


HUN  OH 


H-jN  OH 


IOH  h 


9b 


:oh  H 


0  v  y 


©OrH- 
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21.29. 


CN      1)xs  LAH 
2)  Ha0 


cr 


Br  1}NaCN 


b) 


2)  MeMgBr 
3}  H30+ 


c) 


CN        1 )  EtMgBr 


2)  H20 


1)  LAH 

2)  H20 


d) 


cn      h3o»    ^  ^y^0H 


21.30. 

a) 

O 

^y^CI      1)  excess  NH3^  f*5^' 
2)  SOCI2  %J 


b) 

"IJNaCN 
/    2)H30+  \^ 


3)  H30+ 
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21.31. 


21.32. 


1)H30+  ° 


a)  ^  ^  "OMe         2)  SOCI2         ^  ^  CI 

9  1 )  SOCI2 

j^Y^OH  2)  excess  NH3  f  f^Y^M 
l^J  3)  LAH 

b)  *)  H2° 

0     0        nun  ° 

c)  ^O"^      2)  SOCI2  ""XI 
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e) 


O 


1)  H30+ 

2)  SOCI2 

OEt     3)  excess  NH3  f  Y  "NH2 

4)  IAH  *~ 
d)  5)  H20 


i)SOCi2 

^V^0H  2)  excess  NH3  (^Y^ 
Kj  3)  SOCIa    ^  ^  ~  K^J 


Q      O        H20  O 


o  o 

;      DHaO  r^y^^OEt 
2)[H+],EtOH 


1)H30" 


O 


NH2       2)  SOCI2  f^f  M 


g) 


3)  LiAi(OR)3H 

h)  4>  H*° 

r^yCN     1)H3Q+  <V*>H 
L^J  2)  excess  LAH  L^J 

i)  3)  H20 

1)  Na2Cr207,  H2S04>  H^p 

L^J  3}  excess  NH3  L^J 

j)  4)  SOCI2 


CN 


21.33.  Four  steps:  1 )  oxidize  to  a  carboxylic  acid,  2)  convert  into  an  acid  halide,  3) 
convert  into  an  amide,  and  4)  reduce  to  give  an  amine. 
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21.34. 


1)  BH3*THF 

2)  H202>  NaOH 


3)  Na2Cr207,  H2S041  H20 

4)  SOCI2 


c) 


1)  H30+ 

2)  SOCI2 


3)  excess  MeMgBr 
O 

4) 


21.36. 

9  soci2 


1)  EtMgBr 

2)  H30+ 


O 


(CH3)2NH 
-H2Q 
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21.37. 

a) 


CHjCN 


1)  SOCI2 

2)  LiAI(OR)3H 


|  3)  H20 

H3°+  $  1)xsLAH 

 *  Ar 


PBr3 


"OH      2)  H20 


^  OH 


1)Mg 
O 

Si  I  - 

^  H 

3)  H20 


OH 


2)  H20 


c) 


CHaCN 


1)  SOCIz 

2)  LiAI{QR)3H 


2)  H20 


H2S04l  H20 
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21.38.  The  signal  ai  1740  cm'1  indicates  that  the  carbonyl  group  is  not  conjugated  with 
the  aromatic  ring  (it  would  be  at  a  lower  wavenumber  if  it  was  conjugated), 

y  Y  T  \\  T 

2)  h2o  ^^K^OH 


h) 

Increasing  acidity 
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21.40. 

a)  The  second  carboxylic  acid  moiety  is  electron  withdrawing,  and  stabilizes  the 
conjugate  base  that  is  formed  when  the  first  proton  is  removed. 

b)  The  carboxylate  ion  is  electron  rich  and  it  destabilizes  the  conjugate  base  that 
is  formed  when  the  second  proton  is  removed. 


d)  The  number  of  methylene  groups  (CH2)  separating  the  carboxylic  acid 
moieties  is  greater  in  succinic  acid  than  in  malonic  acid.  Therefore,  the 
inductive  effects  are  not  as  strong. 

21.41. 

a)  cyclopentanecarboxylic  acid 

b)  cyclopentanecarboxamide 

c)  benzoyl  chloride 

d)  ethyl  acetate 

e)  hexanoic  acid 

f)  pentanoyl  chloride 

g)  hexanamide 

21.42. 

a)  acetic  anhydride 

b)  benzoic  acid 

c)  formic  acid 

d)  oxalic  acid 


0 


O 


21.43. 


chirality  centers — ^ 


hexanoic  acid 


0 


0 


2-methyipentanoic  acid 


O 


4-methylpentanoic  acid 


2;2-dimethylbutanoic  acid 


2,3-dimethylbutanoic  acid 


0 


2-ethyibutanoic  acid 
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21.44. 

O 

butanoyl  chloride 


CI 


2-methylpropanoyE  chloride 


1)  excess  LAH 

2)  H20 


b] 


1)  excess  LAH 

2)  H2Q 

3)  TsCl,  py 

4)  f-BuOK 


c) 


1 )  excess  LAH 

2)  HgO 

3)  PBr3 

4)  NaCN 

5)  H30+ 


21.46. 


a) 


1)  BH3  *THF 

2)  H202l  NaOH 

3)  Na2Cr207,  H2S04,  H20 


b) 


1 } NaCN 
2)  H30+ 


O 


'OH 


21.47.  As  discussed  in  Chapter  19,  the  methoxy  group  is  electron  donating  via 
resonance,  but  electron  withdrawing  via  induction.  The  resonance  effect  is  stronger,  but 
only  occurs  when  the  methoxy  group  is  in  an  ortho  or  para  position. 


21.49. 

O 


,,0-^  tt<y~»  ,,0^'  d)Cr^ 


21.50. 

0  1)xsLAH 


a) 


-^-^OH       2)  H20  -^-^OH 
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21.51. 


a) 


b)  -    ^   "OH  HO" 

c)  CH3CH2CO2H  +  (CH3)3COH 


21.52. 


o  - 

net 


[H+] 


OEt  BOH 


DIBAH 


o. 


P       1)  LiAI(OR)3H 


H  2)  H20 


o 


OH 

/ 


Na2Cr207 
^  H2S04;  H,0 


OH 


SOCU 


CM 


xsNH3 


o: 


NH2 


21.53. 

a)  NaOH,  followed  by  Na2Cr207,  H2S04,  H20 

b)  NaCN  followed  by  H30+ 

c)  NaOH,  followed  by  Na2Cr207,  H2S04,  H20,  followed  by  SOCl2 

d)  NaCN,  followed  by  H30+,  followed  by  SOCl2,  followed  by  xs  NH3 

e)  NaOH,  followed  by  Na2Cr207,  H2S04,  H20,  followed  by  SOCl2,  followed  by  xs  NH3 

f)  NaCN  followed  by  H30+,  followed  by  [H+],  EtOH  (with  removal  of  water) 
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21.54. 

1)  Bra,  AIBr3 

2)  Mg 

O 

a)  W 

1)  Br2,AIBr3 

2)  Mg 


o 


21.55. 


OH 


3)  C02 

4)  H30+ 

5)  SOCI2 

6)  excess  (CH3)2NH 


1)  (CH3)2CHa  AICI3 

2)  NBS;  heat 

3)  Mg 

4)  CQ2 


OH 


c)  5)  H30+ 


1)  Cb,AiC!3  7 

2)  NaNH2;  NH3  ^WN-^ 


3)     JJ  , 


pyridine 


o 

1)Mg  r^Y'^0^ 


2)  C02 
a)  3)EtI 


540  CHAPTER  21 


OH 


b) 


1 )  Na2Cr207,  H2S041  H20 

2)  SOCI2  

3)  Et^CuLi 


cr 


c) 


1)  Mg 


2)  C02 

3)  H30+ 

4)  SOCI2 

5)  excess  CH3NH2 


1)  LAH 

2)  H20 


O 

3)  A 


CI 


Br 


1)  NaCN 


2)  EtMgBr 
3}  H304 


21.56.  A  methoxy  group  is  electron  donating,  thereby  decreasing  the  electrophiJicity  of 
the  ester  moiety.  A  tiitro  group  is  electron  withdrawing,  thereby  increasing  the 
electrophilicity  of  the  ester  group. 
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21.58. 


1}Mg 

Br  2)  C02 


21.59. 


N" 


3)  H3cr 

4)  SOCI2 

5)  excess  Et2NH 


1)  excess  MeMgBr  -lJ'; '  ul 


O       lx^J       2)  H30+ 


21.60. 


hi 


:<?:         &  H 


©„H 


:OH 


^6h  ^ 


H-O-H 


OH 


-OH./ 
H  ®-HX 


H-O-H 


:OH 

--f-OH 
,0:  \ 


H 


"0-  H-O-H  fflt 


H 

H'"  H 


OH 


/.OH 
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21.61. 

a) 


SCI  CI: 


H-6-R 


.0 


:CI: 


JQ 


:0: 

,-  *■  H  JL 

(  £c^pQR 

\  R 


"  ^Cl:  R 


..g  „e 

Ft  ;9J: 


R 


H-O-R 


H-O-R 


:cr  OR 


H-O-R 


:0: 

-  X.  * 

RCT  "OR 


0 

A 

b) 


OH 

Ph-^--Ph 
c)  Ph 


21.62. 
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21.63. 

1)  Br2;  AIBr3 

2)  Mg 


21.64. 


HO  O 
phenylalanine 


NH2  O 

O 


aspartlc  acid 


21.65. 

a) 

Phi  CM 


H-O-Ph 


:Q|:  Ph 


..0 
sCI: 


=0= 

Ph 


b) 


o: 


m.  :oJ:,oh 
:0H  '£ff. 


H 


N: 
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CHAPTER  21  545 


21.66.  The  three  chlorine  atoms  withdraw  electron  density  via  induction.  This  effect 
renders  the  carbonyl  group  more  electrophiJic. 


21.68 

NH2  H 


O  i 

a)  O  OH 

b)  Ampicillin 
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21.69. 

„o-r°" 

o 

(glycoEic  acid) 
hydroxy  acetic  acid 


21.72. 


Polymer 


21.73. 

o  i)SOCi2 

**V^©H      2)  Et2CuLi 


3)  HOCHgCHaOH-, 

a)  [H#],  H20 

1)  H30+ 
O  2)  SOCI2 

NH2       3)  LiAI(OR)3H  f^M^ 
4)  H20  k^J 

b)  5)  [HI,  CH3NH2,  -H20 


1)  MCPBA 

2)  HaQ+  O 

3)  SOCI2  ^N-V/\ 


c)  4)  (CH3}2NH 


J  1)H30+  S  S 

^-^OMe      2)  SOCI2  ^W^H 
3)  LiAl(OR)3H 
d)  4)  HSCH2CH2SH,  [H+],  -H20 


1)  SOCI2 

fVcOOH  2)LiA"°R)3H  .  f% 
\=/  3)  HOCHjCHjOH, 

e)  [HI.  -Ha0 


a 


1)  Na2Cr207,  H2S04,  H20 
OH  2)  MCPBA 

3)  H30+ 

1)  excess  LAH 

2)  H20 

g)  1H1.-Ha0 
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21.74. 


CI 


1)CI2,  AICi3 


2)  HN03>  H2S04  2)  HCI,  Zn 

N02 


OH         O      O  OH 


h-  y 


21.75. 


-OH  ^ 


OH 


:o: 

H  "H 


OH    O       ^H  0H    0  ^      ^       ""^P  OH  O 


H  @       ^  "OH 
i 


OH 


10.  ><k  J^QH     ^  HO 


"OH 


oh  -or 


OH 


HO  OH 


HO 


H*°*H 


H^-0H  ij^H         HO:  OH 


^O       ^  ^         f  ^0       ^  ^ 


xo 


HO 


H     H  ^ 


HO 


HO 


HO 
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21.76. 


O 


xs 

Compound  A 
21.77. 


XS  NHg 


o 

A 


IMH, 


H>^0 

0  X— 1  O 


21.78.  An  IR  spectrum  of  butyric  acid  should  have  a  broad  signal  between  2500  cm"  and 
3600  cm'1.  An  IR  spectrum  of  ethyl  acetate  will  not  have  this  signal. 

21.79.  The  ]H  NMR  spectrum  of  pa ra -c h  J oro ben z a  1  deh y  de  should  have  a  signal  at 
approximately  10  ppm  corresponding  to  the  aldehydic  proton.  The  'H  NMR 
spectrum  of  benzoyl  chloride  should  not  have  a  signal  near  1 0  ppm. 


21.80. 

^  OH 


21.81.  If  the  oxygen  atom  of  the  OH  group  in  the  starting  material  is  an  isotopic  label, 
then  we  would  expect  the  label  to  be  incorporated  into  the  ring  of  the  product: 


HO 


H-O-S-O-H 


0 


o 


e 


f 

}.  9 

-O-H 

"  6 

:o: 


oh 


crS  oh 


H/tHO 


HO 


u5 
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21.82.  The  lone  pair  of  the  nitrogen  atom  in  this  case  is  participating  in  resonance  and  is 
less  available  to  donate  electron  density  to  the  carhonyl  group.  As  a  result,  the  carbonyl 
group  is  more  electrophilic  than  the  carbonyl  group  of  a  regular  amide  (where  the  lone 
pair  contributes  significant  electron  density  to  the  carbonyl  group).    Also,  when  this 
compound  functions  as  an  electrophile  in  a  nucleophilic  acyl  substitution  reaction,  the 
leaving  group  is  particularly  stable  because  it  is  an  aromatic  anion.  With  a  good  leaving 
group,  this  compound  more  closely  resembles  the  reactivity  of  an  acid  halide  than  an 
amide. 


21.83. 

a)  DMF,  like  most  amides,  exhibits  restricted  rotation  about  the  bond  between  the 
carbonyl  group  and  the  nitrogen  atom.  This  restricted  rotation  causes  the  methyl  groups 
to  be  in  different  electronic  environments.  They  are  not  chemically  equivalent,  and  will 
therefore  produce  two  different  signals  (in  addition  to  the  signal  front  the  other  proton  in 
the  compound).  Upon  treatment  with  excess  LAH  followed  by  water,  DMF  is  reduced  to 
an  amine  that  does  not  exhibit  restricted  rotation.  As  such,  the  methyl  groups  are  now 
chemically  equivalent  and  will  together  produce  only  one  signal. 

b)  Restricted  rotation  causes  the  methyl  groups  to  be  in  different  electronic  environments. 
As  a  result,  the  1 3C  NMR  spectrum  of  DMF  should  have  three  signals. 


Chapter  22 

Alpha  Carbon  Chemistry:  Enols  and  Enolates 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  22.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  In  the  presence  of  catalytic  acid  or  base,  a  ketone  will  exist  in  equilibrium  with  an 
 .  In  general,  the  equilibrium  position  will  significantly  favor  the  _, 

•  When  treated  with  a  strong  base,  the  a  position  of  a  ketone  is  deprotonated  to  give 
an 

•   or  will  irreversibly  and  completely  convert  an 

aldehyde  or  ketone  into  an  enolate. 

•  In  the  haloform  reaction,  a  ketone  is  converted  into  a  carboxylic  acid 

upon  treatment  with  excess  base  and  excess  halogen  followed  by  acid  workup. 

•  When  an  aldehyde  is  treated  with  sodium  hydroxide,  an  aldol  addition  reaction 
occurs,  and  the  product  is  a  . 

•  For  most  simple  aldehydes,  the  position  of  equilibrium  favors  the  aldol  product. 
For  most  ketones,  the  reverse  process,  called  a  -aldol  reaction  is  favored. 

•  When  an  aldehyde  is  heated  in  aqueous  sodium  hydroxide,  an  aldol  

reaction  occurs,  and  the  product  is  an  . 

Elimination  of  water  occurs  via  an  mechanism. 

•  Crossed  aldol,  or  mixed  aldol  reactions  are  aldol  reactions  that  occur  between 

different  partners,  and  are  only  efficient  if  one  partner  lacks  or  if  a 

directed  aldol  addition  is  performed. 

•  Intramolecular  aldol  reactions  show  a  preference  for  formation  of  _____  and 
 -mem  be  red  rings. 

•  When  an  ester  is  treated  with  an  alkoxide  base,  a  Claisen  condensation  reaction 
occurs,  and  the  product  is  a  . 

•  The  a  position  of  a  ketone  can  be  alkylated  by  forming  an  enolate  and  treating  it 
with  an  . 

•  For  unsymmetrical  ketones,  reactions  with  at  low  temperature  favor 

formation  of  the  kinetic  enolate,  while  reactions  with  at  room  temperature 

favor  the  thermodynamic  enolate. 

•  When  LDA  is  used  with  an  unsymmetrical  ketone,  alkylation  occurs  at  the 
 position. 

•  The  synthesis  enables  the  conversion  of  an  alkyl 

halide  into  a  carboxylic  acid  with  the  introduction  of  two  new  carbon  atoms. 

•  The  synthesis  enables  the  conversion  of  an  alkyl 

halide  into  a  methyl  ketone  with  the  introduction  of  two  new  carbon  atoms. 

•  Aldehydes  and  ketones  that  possess  -unsaturation  are  susceptible  to 

nucleophilic  attack  at  the  f5  position.  This  reaction  is  called  a  

addition,  1,4 -addition,  or  a  Michael  reaction. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below, 
in  your  textbook  at  the  end  of  Chapter  22. 
Skill  Builder  Review. 


To  verify  that  your  answers  are  correct,  look 
The  answers  appear  in  the  section  entitled 


22J   Drawing  Enolates 


DRAW  THE  RESONANCE  STRUCTURES  OF  THE  ENOLATE  THAT  S3  FORMED  WHEN  THE  KE  TOME  BELOW  iS  TREATED  WITH  A  STRONG  BASE: 

V^ase 



22.2  Predicting  the  Products  of  an  Aldol  Addition  Reaction 


PREDICT  THE  PRODUCT  OF  THE  ALDQL  ADDITION  REACTION  THAT  OCCURS  WHEN  THE 
FOLLOWING  ALDEHYDE  IS  TREATED  WITH  SODIUM  HYDROXIDE: 

O  NaOH 

22  J  Drawing  the  Product  of  an  Aldol  Condensation 


DRAW  THE  PRODUCT  OF  THEAlDOL  CONDENSATION  REACTION  THAT  OCCURS  WHEN  THE 
FOLLOWING  COMPOUND  tS  HE  A  TED  WITH  SODIUM  HYDROXIDE: 


NaOH,  heat 


22.4  Identifying  the  Reagents  Necessary  for  a  Crossed  Aldol  Reaction 

IDENTIFY  REAGENTS  THAT  WILL  ACHIEVE  THE  FOLLOWING  TRANSFORMATION: 
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22.5  Using  the  Malonic  Ester  Synthesis 


22.6  Using  the  Acetoacetic  Ester  Synthesis 


22.7  De  te  rmin  ing  W  h  en  to  U  se  a  S  to  rk  E  n  am  ine  S  y  nthe  sis 
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22.8  Determining  which  Addition  or  Condensation  Reaction  lo  Use 


yHWM  ific  VAJCift  yfiCL'u'C  r  Oh  hACH  UtAC'lOfv  btLCW. 


1  ;5-DIFUNCTlONALIZED  COMPOUNDS 

STORK  t.WA.'A'Nt  SYNTHESIS 


Q  1)R2NHSIH+] 

X       2)  ^A, 
3)  H20 


1,3-DIFUNCTIONALlZED  COMPOUNDS 

ALDOL  ADDSSlON   


O  NaOH 


£L4f£EiV  condensation 

o 


EtO" 


1)  NaQEt 
2;  H30+ 


22.9   Alkylating  the  Alpha  iind  Beta  Positions 

IDENTIFY  REAGENTS  THAT  WILL  ACHIEVE  THE  FOLLOWING  TRANSFORMATION: 

^       2);  |    "  CCR 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  22.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 

Alpha  H  a  logc  nation 

O  O 
A,.   *     J^Br     +  HBr 
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Aldol  Reactions 

O  O  O     OH  O 


O  O  HO 


Claiscn  Condensation 


O  0  0 


Alkylation 
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22.5. 


22.6. 

a)  This  anion  is  a  doubly  stabilized  etiolate  ion,  so  there  will  not  be  a  substantial  amount 
of  ketone  present  together  with  the  enolate  at  equilibrium: 


b)  This  anion  is  a  regular  enolate  ion  (not  doubly  stabilized),  so  there  will  be  a  substantial 
amount  of  ketone  present  together  with  the  enolate  at  equilibrium: 


c)  This  anion  is  a  regular  enolate  ion  (not  doubly  stabilized),  so  there  will  be  a  substantial 
amount  of  ketone  present  together  with  the  enolate  at  equilibrium: 


d)  This  anion  is  a  regular  enolate  ion  (not  doubly  stabilized),  so  there  will  be  a  substantial 
amount  of  ketone  present  together  with  the  enolate  at  equilibrium: 

r  ,.e  i 
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22,7.  This  anion  is  highly  stabilized  by  resonance.  The  negative  charge  is  spread  over 
two  oxygen  atoms  (just  like  a  doubly  stabilized  en o late)  and  three  carbon  atoms: 


22.8. 

a)  2r4-dimethyl-3,5-heptanedione  is  more  acidic  because  its  conjugate  base  is  a  doubly 
stabilized  enolate.  The  other  compound  (4,4-dimethyl-3>5-heptanedione)  cannot  form  a 
doubly  stabilized  enolate  because  there  are  no  protons  connected  to  the  carbon  atom  that 
is  in  between  both  carbonyl  groups. 

b)  1 ,3-cyclopentanedione  is  more  acidic  because  its  conjugate  base  is  a  doubly  stabilized 
enolate.  The  other  compound  (1,2-cyclopentanedione)  cannot  form  a  doubly  stabilized 
enolate  because  the  carbonyl  groups  are  adjacent  to  each  other. 

c)  Acetophenone  is  more  acidic  than  benzaldehyde  because  the  former  has  alpha  protons 
and  the  latter  does  not. 


22.9. 

a) 
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CHAPTER  22  561 


1       1)  Br2>  PBr3 


2)  H20 


b) 


22.12. 

Br  Br 
i  Y"'°H      PBf2lFBr3  h 


a)  \>         2)  H30+  WJ      O  2)  H20  %^  O 

0H       H2S041H20  OH       2)H20  T  0H 

b)  Br 

2)Br2>PBr3  -^yBr 
C)  3)  H20 


22.13. 


22.14. 

a) 

OH  DNa2Cr207,                      Q  0 

I  H2SQ4>  H2Q                      Ij              [H-]t  EtOH 

A  2)  Br2l  NaOH  A  A 

3)  H30+ 
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CHAPTER  22  563 


22.17.  The  first  step  of  an  aldol  addition  reaction  is  de  proton  ation  at  the  alpha  position, 
but  this  compound  has  no  alpha  protons. 
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22 .1 8. 

O  OH  O 

NaOH;  H20 


22.19. 

0         NaOH,  H2Q  °H    0  1)  LAN 


22.20. 


22.22. 

O  O 


3)  H20 
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b) 


3)  H20 
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b) 


O 

A 


c) 


O 


1)  LDA 


O 
H  - 


3)  H20 


1)  LDA 


O 

H^H 


3)  H20 


O  OH 


O  OH 

KJ 


1)  LAH 

2)  H£0 


OH    OH  HAH 


1)  UH 

2)  H20 


OH  OH 


[H+] 

-H2Q 


[H+] 
-H2G 


H  H 

oXo 


0^0 


1)  LDA 


2)  A 
H  - 

3)  H.>0 


O  OH 


1JLAH 


OH  OH 


H 


O 

A 


[H+] 

-HaO 


X 


O  O 


22.25. 


0  O ./ 


:o: 


^  lex. 

H  H 
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22.26. 


22.28. 

a)  NaOEt  b)/-BuOK 


22.29. 
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CHAPTER  22  569 


22.31. 
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22.34. 


OH 


1)  Na2Cr207;  H2S04>  H20 

2)  LDA 

3)  EtI 

4)  LAH 

5)  H20 


OH 


22.35. 

a) 


O  O 

M 


1)  NaOEt/  EtOH 


EtO  OEt      2)  ^y^^  Bt 

3)  H30\  heat 


b) 


EtO' 


o  o 


1)  NaOEt  /  EtOH 

'^r  Br 


2) 


OEt     3)  NaOEt  /  EtOH 

4)  CH3Br 

5)  H30\  heat 


OH 


c) 


EtO 


o  o 


1)  NaOEt  /  EtOH 

2)  ^H^Br 


OEt     3)  NaOEt  /  EtOH 


4) 


.Br 


5)  H30+;  heat 


COOH 


d) 


1)  NaOEt  /  EtOH 
Op  2)  CH3Br 


EtO"  ^  "OEt     3)  NaOEt  /  EtOH 

4)  ^^Br 

5)  H30+;  heat 


O 
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e) 

1)  NaOEt/  EtOH  Q 
O     O  2)EtBr 

EtO"  ^   T>Et     3)  NaOEt  /  EtOH 

4)  "Br 


b) 

O     O  1)  NaOEt  /  EtOH 

Et0A^A0Et 


2! 


3)  H30+;  heat 

4)  excess  LAH 

5)  H£0 


C) 


EtO    ^  OEt 

2) 


O     O  1 )  NaOEt  /  EtOH 

O'^-^OEt  [^f^Br 

3)  HaO4,  heat 

4)  SOCI2 

5)  excess  NH3 


OH 


5)  H30\  heat 


22.36. 

a) 

0     O  1)  NaOEt /EtOH  ° 

EtO^^OEt      2)  *  N^^S&^ 

3)  H30\heat 

4)  [Hi  EtOH,(-H20) 


OH 


0 

NH2 


22.37.  Preparation  of  the  desired  compound  requires  the  installation  of  three  alky]  groups 
at  the  alpha  position.  The  malonic  ester  synthesis  can  only  be  used  to  install  two  alkyl 
groups  because  the  starting  material  (diethyl  malonate)  has  only  two  alpha  protons. 
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O 

22.38. 

2X39. 

a) 

O     O  1 )  NaOEt  /  EtOH 

-A-XOEt  2)  Q^Br 

3)  H30+,  heat 

b) 

1)  NaOEt  /  EtOH 

0     0  2)  EtI 


OEt      3)  NaOEt  /  EtOH 


5)  H30+  s  heal 

c) 

1)  NaOEt/ EtOH 
O     O  2) 


OEt      3)  NaOEt  /  EtOH 

4)  r 


5)  H30+  ,  heat 

m 

1)  NaOEt /EtOH 
-^^^^OEt      3)  Na0Et  /  EtOH 
5)  H30+  ,  heat 
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22.40. 

22.41. 

a) 

O  O 


u 


QEt 


b) 

o  o 


E-t 


o  o 


OEt 


1)  NaOEt/EtOH 


2)  ^-.Br 

3)  H30+,  heat 

4)  HOCH2CH2OH,  [H+],  (  H20) 
1)  NaOEt/  EtOH 


2) 


Br 


3)  H30\  heat 

4)  LAH 

5)  H20 

1)  NaOEt/EtOH 


NH 


2) 


Br 


3)  H30\  heat 

4)  [H+],  NH3l  (-H20) 

22.42.  Preparation  of  the  desired  compound  requires  the  installation  of  three  alkyl  groups 
at  the  alpha  position.  The  acetoacetic  ester  synthesis  can  only  be  used  to  ins  tat  I  two  alky] 
groups  because  the  starting  material  (diethyl  rnalonate)  has  only  two  alpha  protons. 


22.43. 

HO" 


1)  Na2Cr207l  H2S04;  H20 

2)  [H"];  EtOH,  (-H20) 


1)  NaOEt 

2)  HaO+ 


1)  NaOEt/ EtOH 
3)  H30+,  heat 


OEt 


574  CHAPTER  22 


CHAPTER  22 

b) 


3)  H3CT 


3)  H3CT 
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CHAPTER  22  577 


22.51. 

a) 


3)  H30+ 

4)  excess  LAH 

5)  H20 
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22.53. 

a) 


Na2Cr2Q7 
H2S04;  H20 


O 


[HI 

OH  EtOH 


PCC 

CH2CI2 


O  OEt 

o  o 


O  NaOH  t  H20,  heat 


1)  NaOEt 


O 


EX 

1)  NaOEt/  EtOH 

2)  H,0+ 


CU  X)Et 


Er) 


NaOH,H20,heat 


GH2GI2 


[H+] 

(-H20) 


2J  H:;0" 


o    ,  o 


1)  LAH 

2)  H20 


HO 


22.54. 

a) 

O 


6^  6co 
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b) 


1)  Me2CuU 

2)  Mel 

3)  LAH 

4)  H20 


c) 

O 


1 )  MeaCul_i 

2)  Mel 

3)  Na2Cr207 
H2SQ4,  H20 

4)  SOC\2 


CI 


1)  H30+ 

2)  Et2CuLi 

3)  EtI 

4}  HOCH2CH2OH 
[HI,  (H20) 


e) 


1)  PCC,  CH2CI2 

2)  Me2CuLi 

3)  Mel 

4)  MeNH2 
[Hi,  (-H20) 


1)PCC,  CH2CI2 
^0H       2)  Me2CuLi 


3)  Mel 

4)  HCIsZn[Hg]>  heat 
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22.56. 


22.59. 


J0%  *0% 


a) 


oa 


e..  . . 


OEt 
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C)  L 


22.60. 


Increasing  acidity 


O  O 


O  O 


22.61. 


a)  This  enol  does  not  exhibit  a  significant  presence  at  equilibrium: 

b)  This  enol  does  exhibit  a  significant  presence  at  equilibrium 


.a0H 


OH  O 


O  OH 


c)  This  enol  does  not  exhibit  a  significant  presence  at  equilibrium: 


d)  This  enol  does  exhibit  a  significant  presence  at  equilibrium: 


OH 


22.62. 

OH  O 


Eta 


EtO 


O  OH 


EtO 


O  OH 


22.63. 


J9 


a) 


O 

J 


H  b) 


e 

0 


,G 


0 


"OEt  d) 
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22.64,  Deproto nation  at  the  following  y- position  results  in  an  anion  that  has  three 

resonance  structures.  The  negative  charge  is  spread  over  one  oxygen  atom  and 
two  carbon  atoms: 


22.65.  Deproto  nation  at  the  a  carbon  changes  the  hybridization  state  of  the  a  carbon 

3  2 

from  sp  (tetrahedral)  to  sjr  (planar).  When  the  a  position  is  protonated  once 
again,  the  proton  can  be  placed  on  either  side  of  the  planar  06  carbon,  resulting  in 
racemization: 


22.67. 
HO  H  O 


HO  H  O 
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22.68. 


HO  H   O  HO  H  O 


22.69.  The  carbon yl  group  and  the  aromatic  ring  are  conjugated  in  the  product,  but  are 
not  conjugated  in  the  starting  material.  Formation  of  conjugation  serves  as  a 


driving  force  in  formation  of  the  product. 


22.71. 

O 


C) 


22.72.  TrimethylacetaJdehyde  does  not  have  any  a  protons. 
O 


22.73. 

a) 


O  NaOH 

x   

H      H  H20 

heat 


b) 

O  O  NaOH 


H20 
heat 


c) 


H  NaOH 
heat 


d) 

o1-  •  x 


NaOH 
H20 
heat 


o 
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22.74. 

AH 


e 


A' 


3 


OH  0 

—AH 


h-°'h 


oh  :o; 

AAH 


22.75. 


O  O 


EtO 


a) 
b) 

EtO 


OEt 


L3r 


•bv  o 

AX 


H-.O© 
+  H 


OEt 


^0  0 


EtO 


AA 


OEt 


EtO  C 


OEt 


0  0 


EtO 


h:0'h 


©5iHo 


OEt 


Br 


EtO 


OEt 


—  EtO 


:Br: 


r.bM  O 

>A 

:BV= 


OEt 


c)  The  product  should  be  more  acidic  than  diethyl  malonate  because  of  the  inductive 
effect  of  the  bromine  atom. 
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22.76. 


22.77. 

OEt 


22.78, 

a) 

0     O  1 )  NaOEt  /  EtOH  ^  ^  OH 

Et0-  >v^dEt  / — \ 

2)  (^J>  Br 

3)  H30+;heat 


O 


b) 


1 )  NaOEt  /  EtOH 

2)  CH3Br 


c) 


1)  NaOEt /EtOH 
0      0  2)  Ph^/Br 


EtO    ^  "OEt     3)  NaOEt  /  EtOH 

4)  Ph^Br 

5)  H30+,  heat 


EtO'    ^    OEt     3)  NaOEt  /EtOH  y  OH 

4)  CH3Br 

5)  H30+,  heat 
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22.79 

a) 

O     O  1 )  NaOEt  /  EtOH 


"Br 

3)  H30+5  heat 


o  o 


1)  NaOEt  /  EtOH 

2)  Mel 


OEt       3)  NaOEt  /  EtOH 

4)  Mel 

5)  H30+5heat 


C) 


1)  NaOEt  /  EtOH 
0      O  2)  EtI 


AA 


0Et      3)  NaOEt /EtOH 


4)  X 

5)  H30+,heat 


OX 


22.80. 


H 


OH 


Hl*H 


J 

H 

H  -  H 


©.„H 


CHAPTER  22  589 


22.81. 


+  H20 


3)  Me2CuLi 

4)  H3CT 


22.83. 


NaOH, H20 
O 


H  H 

heat 


22.84. 
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22.85. 


CHAPTER  22  591 


c) 


3)  (CH3CH2CH2)2CuLi 


3)  H30+ 


592 
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22.88. 


22.89. 

a) 

O 


b) 


c) 


o 

X 


d) 


H      1)  TMSCI,  Et3N 


2)  NaOH,  H£0,  heal 


O 


3}  H2l  Pt 
4)  TBAF 


e) 


1)  LDA 

2)  EtI 


1)  Br2i  [H30+] 

2)  pyridine 

3)  Et2CuLi 

4)  H3CT 


1 )  Br2,  [H301 

2)  pyridine 

3)  Et2CuLi 

4)  Mel 


DR.NH,  [H*],(-HaO) 


2) 

3)  H30+ 

NaOH,  H^O,  heat 


xs 
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4)  Mel 


22*90.  The  driving  force  for  this  reaction  is  formation  of  a  doubly  stabilized  etiolate. 
After  the  reaction  is  complete,  an  acid  is  required  to  protonate  this  anion. 
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22,91. 


O 

BO-1 


CHAPTER  22 


22.93, 


a) 


e 


JON 


Br 


1)  NaCM 

2)  IDA 

3)  CH3I 

4)  LOA 

5)  CH3I 

6)  H30+ 


OH 


22.94. 


.0 


a)  Michael  Donor 


O 

Michael  Acceptor 


CN 

b)  Michael  Donor 


"OEt 
Michael  Acceptor 


O  O 

EtO'^T^OEt 

0 

c)  Michael  Donor 


N02 

Michael  Acceptor 


O  O 

e 


OEt 


d)  Michael  Donor 


^-CHO 
Michael  Acceptor 


596  CHAPTER  22 


22.96. 

o 


NaOH 


Michael 


AiA-,  NaCH  heat 


22.97. 


CHAPTER  22 


597 


22.98. 


22.100.  A  ketone  generally  produces  a  strong  signal  at  approximately  1720  cm"  (C=0 
stretching),  while  an  alcohol  produces  a  broad  signal  between  3200  and  3600  cm'1  (O-H 
stretching).  These  regions  of  an  1R  spectrum  can  be  inspected  to  determine  whether  the 
ketone  or  the  enol  predominates. 
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22.101. 


HO 


4ch 


OH 


HO.   JZ  .OH 


H20 


© 

HO^^^X^OH 


HO 

/' 


^O" 
H  -  H 


H**H 


HO 


e 


HO^OH 


H^H 


O 

acrolein 


22.103. 

0  O 

Eto      OEt   2)  A^s 


1)  NaOEt 


3)  H30+ 
heat 
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22.104. 


C10^10° 


22.105. 

When  treated  with  aqueous  acid,  both  compound  A  and  compound  B  undergo 
racemization  at  the  a  position  (via  the  enol  as  an  intermediate,  see  problem  22.65).  Each 
of  these  compounds  establishes  an  equilibrium  between  cis  and  trans  isomers.  But  the 
position  of  equilibrium  is  very  different  for  compound  A  than  it  is  for  compound  B.  The 
equilibrium  for  compound  A  favors  a  cis  configuration,  because  that  is  the  configuration 
for  which  the  compound  can  adopt  a  chair  conformation  in  which  both  groups  occupy 
equatorial  positions.  The  equilibrium  for  compound  B  favors  a  trans  configuration, 
because  that  is  the  configuration  for  which  that  compound  can  adopt  a  chair  conformation 
in  which  both  groups  occupy  equatorial  positions. 


22.106. 


o        oh  :cr  -to"- 
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22.107. 


CHAPTER  22  601 
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3)  H20;  heat 


Chapter  23 
Amines 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  23.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary, 

•  Amines  are  ,  ,  or   .  depending  on  the 

number  of  groups  attached  to  the  nitrogen  atom. 

•  The  lone  pair  on  the  nitrogen  atom  of  an  amine  can  function  as  a  _____  or 

•  The  basicity  of  an  amine  can  be  quantified  by  measuring  the  pKa  of  the 
corresponding  r, 

•  Aryl  amines  are  less  basic  than  alkyl  amines,  because  the  lone  pair  is  . 

•  Pyridine  is  a  stronger  base  than  pyrrole,  because  the  lone  pair  in  pyrrole 
participates  in  , 

•  An  amine  moiety  exists  primarily  as  at 

physiological  pH. 

•  The  azide  synthesis  involves  treating  an  with  sodium  azide, 

followed  by  . 

■    The  synthesis  generates  primary  amines  upon  treatment  of 

potassium  phthalimide  with  an  alkyl  halide,  followed  by  hydrolysis  or  reaction 
with  N2H4. 

•  Amines  can  be  prepared  via  reductive  ami  nation,  in  which  a  ketone  or  aldehyde 

is  converted  into  an  imine  in  the  presence  of  a  agent,  such  as 

sodium  cyanoborohydridc  (NaBH^CN). 

•  Amines  react  with  acyl  halides  to  produce  . 

•  In  the  Hofmann  elimination,  and  amino  group  is  converted  into  a  better  leaving 
group  which  is  expelled  in  an  process  to  form  an  . 

•  Primary  amines  react  with  a  nitrosonium  ion  to  yield  a  salt  in  a 

process  called  diazotization. 

•  Sandmcyer  reactions  utilize  copper  salts  (CuX),  enabling  the  installation  of  a 
halogen  or  a  group. 

•  In  the  Schiemann  reaction,  an  aryl  diazonium  salt  is  converted  into  a 
fluorobenzene  by  treatment  with  . 

•  Aryldiazonium  salts  react  with  activated  aromatic  rings  in  a  process  called  

coupling,  to  produce  colored  compounds  called  ____  dyes. 

•  A  cycle  is  a  ring  that  contains  atoms  of  more  than  one  element. 

•  Pyrrole  undergoes  electrophilic  aromatic  substitution  reactions,  which  occur 
primarily  at  C  . 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below, 
in  your  textbook  at  the  end  of  Chapter  23. 
SkillBuilder  Review. 


To  verify  that  your  answers  are  correct,  look 
The  answers  appear  in  the  section  entitled 


23 J   Naming  an  Amine 


PROVIDE  A  SYSTEMATIC  NAME  FOR  THE  FOLLOWING  COMPOUND 


t)  IDENTIFY  THE  PARENT 
5)  IDENTIFY  AND  NAME  SLiBSTSTUENTS 


3'y  ASSIGN  L  OCA  N  TS  TO  EACH  SUBS  Tl  WENT 

4}  ALPHA  BE  TtZE 

Si  ASSIGN  CONFIGURATION 


23.2  Preparing  a  Primary  Amine  via  the  Gabriel  Reaction 

IDENTIFY  REAGENTS  THAT  WtLL  ACHIEVE  THE  FOLLOW tNG  TRANSFORMATION: 


23 J  Preparing  an  Amine  via  a  Reductive  Animation 


IDENTIFY  REAGENTS  THAT  WiLL  ACHIEVE  EACH  OF  THE  FOLLOWING  TRANSFORMATIONS: 


H 


□ 

!  } 


R  N 
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23,4 


IDENTIFY  THE  REACTANT  THAT  IS  USED  AS  A  NUCiEOfHILh  i.V  EACH  OF  THE  ThF\  EE  PHOCESStzS  SHOWN  BELOW: 


AZlDE 
SYNTHESIS 


N 

Rw-{+}X_---R 


QUATERNARY 
AMMONIUM  ION 


PRtMARY 
AMINE 


SECONDARY 
AMINE 


R      N  R 

^  H 

TERTIARY 


23.5  Predieling  the  Product  of  a  Hofmann  Elimination 


FREDiCT  THE  MAJOR  PRODUCT  OF  THE  FOLLOWING  REACTION: 


yNHs 


V/  bxcsssCH3[  ^ 
2.)  Ag2Q,  H5Orheal 


23.6  Determining  the  Reaclants  for  Preparing  an  Azo  Dye 


IDENTIFY  REAGENTS  THAT  WiLL  ACHIEVE 
THE  FOL  L  0  hV/.VC  .  HA  \\S  r  OHM  A  TIOH: 


mo 


2; 


so3H 
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Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  23.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions* 


Preparation  of  Amines 


O  HN 

A   A 

X  -  A 
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Reactions  of  Amines 

0 


R-N 


R  —  N  =  N  CI 


e 


N-H 


R  O 

\  'I 
N  N 
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Reactions  of  Nitrogen  Heterocycles 


Soluthiiis 
23.1, 

a)  33-dimethy]-l-butanamine 

b)  cyclopentylamine 

c )  M A'-d  i  meth ylcyc  lopentylam  ine 

d)  triethylamine 

e)  ( I  S,J/?)-3-isopropylcyclohexanamiiie 

f)  {IS,  3&)-3-aminocyclohexanol 


23.2. 


a) 


23.3. 


trimethylamine 


ethyl  methyl  amine 


-       ---  H 

propylamine 


23.4. 

Increasing  boiling  point 

CK     0\  CVNH2 


CHAPTER  23  609 


23.5. 

a)  No.  This  compound  has  eight  carbon  atoms  and  only  one  functional  group. 

b)  Yes. 

c)  Yes. 


23.6. 


23.7. 

Increasing  Basicity 


o 

23.8.  In  the  reactanL  the  lone  pair  of  the  amino  group  is  delocaJized  via  resonance.  In 
the  product,  the  lone  pair  of  the  amino  group  is  localized, 
o  o 
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b) 

1)  NaCN 

2)  LAH  ~~\^ 

3)  H20  ^  jmg 


(XT' 


IjSOCI^py 
■„,      g)NH3  / 

3)  LAH 

4)  H20 


c) 

,Br  1)NaCN 

2)  LAH 

3)  H20 

1)  SOCl2,  py 

2)  nh3  _y 

3)  LAH 

4)  H20 


NH2 


23.11.  This  compound  cannot  be  prepared  from  an  alky  I  halide  or  a  carboxylic  acid, 
using  the  methods  described  in  this  section,  because  there  are  two  methyl  groups  at  the 
alpha  position  (the  carbon  atom  connected  to  the  amino  group).  These  two  methyl 
groups  cannot  be  installed  with  either  of  the  synthetic  methods  above,  because  both 
methods  produce  an  amine  with  two  alpha  protons. 


23.12. 

1)  KOH 


CHAPTER  23 


1)K0H 


23.13. 

a) 


0 
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e) 


[  H+  ]  ,  NaBH3CN 


0 

A 


[  H+ ] ,  NaBH3CN 


23.15. 


[  HT  ) ,  NaBH3CN 
CH3NH2 


23.16.    The  last  step  of  reductive  ami  nation  is  the  reduction  of  a  C=N  bond.  That  step 
introduces  a  proton  on  the  alpha  position  (the  carbon  atom  that  is  connected  to  the 
nitrogen  atom  in  the  product): 

.R  R 
N  N" 
 *~  I 

H 

As  a  result,  the  product  of  a  reductive  amination  must  have  at  least  one  proton  at  the 
alpha  position.  In  the  case  of  tri-fert-butyl  amine,  there  are  three  alpha  positions,  and 
none  of  them  bears  a  proton.  Each  of  the  alpha  positions  has  three  alkyl  groups  and  no 
protons. 


Therefore,  this  compound  cannot  be  made  with  a  reductive  amination. 


23.17. 


1)  Br2,  hv 

2)  NaOEt 


CT 


1)Os 


2)  DMS 


[H+] 

NaBH3CN 
(GH3)2NH 
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23.18. 

a) 


y      9.  [  H+  ] ,  NaBH3CN  y  [  H+  ] ,  NaBH3CN  \  , 


[H+],  NaBH3CN 


NH3 


A 


C) 


[  H+ ] , NaBH3CN 
NH3 


[  H+  ] ,  NaBH3CN 
O 


\ 


[H+  ] ,  NaBH3CN 
0 


CM 


j?  [  H+  ]  :  NaB 

NH3 


NaBH3CN 


"NH2 


[  H+  ]  :  NaBH3CN 


e) 


f3  [  H+  ]  ,  NaBH3CN 


NH3 


[  H"  j  .  NaBH3Cl\ 


A 


[  H+] ,  NaBH3CN 
O 

tA 


J 
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f) 


0=< 


[ H+ ] ,  NaBH3CN 
NH3 


[H+],  NaBH3CN 


A 


lH+],NaBH3CN 
0 


O  < 


23.19.  The  first  alkyl  group  is  installed  via  a  Gabriel  synthesis,  and  the  remaining  alkyl 
groups  are  installed  via  reductive  animation  processes.  For  most  of  the  following 
syntheses,  there  is  a  choice  regarding  which  group  to  attach  via  the  initial  Gabriel 
synthesis.  In  such  cases,  the  least  sterically  hindered  group  is  chosen  (the  group 
whose  installation  involves  the  least  hindered  alkyl  halide): 


b) 


K 


1>  Br' 


2)  H30+ 


[H+]: NaBH3CN 


2)  H30+ 


0 


2)  HsO+ 


CH3NH2 


[  H+  ] ,  MaBH3CN 


[H+]1NaBH3CN 
0 

H^H 


o< 
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d) 


e) 


Nhe 


o 
o 


We 


2)  H30+ 


1)   Br  ' 


H2N' 


[H+]:  NaBH3CM 


f  H+  ] : NaBHsCN 


[ H+] , NaBH3CM 
O 


9  ® 

K  1)  Br" 


N  e 


2)  H30+ 


EtNH2 


[ H+  J  .  NaBH3CN 


[  H+  ]  H  NaBH3CN 


23.20.  The  first  alky]  group  is  installed  via  an  azide  synthesis,  and  the  remaining  alkyl 
groups  are  installed  via  reductive  animation  processes.  For  most  of  the  following 
syntheses,  there  is  a  choice  regarding  which  group  to  attach  via  the  initial  azide 
synthesis.  In  such  cases,  the  least  stericaliy  hindered  group  is  chosen  (the  group 
whose  installation  involves  the  least  hindered  alkyl  halide): 


a) 


1)NaN3 


2)  H2l  Pt 


[  H+ ] .  NaBH3GN 
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b) 


c) 

CH3Br 


1}NaN3 
2)  H2.  Pt 


CH3MH3 


t  H+  j |.,  NaBH3CN 


[ H+ ] >  NaBH3CN 
0 

X 


X 


1 )  NaNa 

2)  H£l  R 


H2N" 


(  H+ } , NaBH3CN 


2)  H2:  Pt 


[  H+  ]  ,  NaBH3CN 


A 


(H* ] , NaBH3CN 
0 
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CHAPTER  23  619 


23.24. 


1)  excess  NH3 


2)  LAH 

3)  H£0 


A 


SOCI^ 


Oh 


~NH2 


A 


23.25. 

NH2 


a) 


1 )  excess  CH32 


2)  Ag20,  H20.  heat 


0 


b) 


1 )  excess  CH3I 

2)  Ag20,  H20:  heat 


C) 


1)  excess  CH3I 


2)  Ag20:  H2Qr  heat 


23.26. 


-Br  UNaCN 


2)  LAH 

3)  H20 


NH5 


1)  &XCSSB  CH3I  ^ 

2)  AgaO,H20 


23.27. 
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23.29. 


b) 

2)  Fe,  H30+>N  2)  CuBr 


CHAPTER  23 


1)  Fe,  H3D+ 

1)  {CH^Ci,  AICI3  \     /=\  2)  NaN02,  HCI 

N02 


V_/     2)  HN03:  H2S04  7  3)  CuCN 

4)  H30+ 

e) 

1)CI2,AICI3  /=  1)FesH3Q+ 


\\     M   Cl — (\     /)^N02   CI     <x  ,) 

2)  HN03>  H2S04  ^— f  2)  NaN02l  HCI 

3)  HBF4 

f) 

1)  NaNH2  fi^T 

2)  NaN02l  HCI  * 

3)  CuBr 
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23.32. 


CI 


AICI3 


1)  Fuming  H2S04 


1)  HN03,  H2S04 

2)  m,  h3o+ 


2)  HNO3,  H2S04 

3)  Dilute  H2S04 


NH2 


2)  HN03;  H2S04 

3)  H30+ 

4)  NaN02l  HCI 


NQ2 


Fe;  H30+ 


-4  %J^f 


23.33. 
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23.34.  Attack  at  either  C2  or  C4  generates  an  intermediate  that  exhibits  a  resonance 

structure  with  a  nitrogen  atom  that  Jacks  an  octet  (highlighted  below).  Attack  at 
C3  generates  a  more  stable  intermediate: 


0 


E  C2 

ATTACK 


U 


C3 
ATTACK^ 

'© 


C4 
ATTACK 


,© 


© 

,N  A 

tr  - 

N  ,H 

„  A4 

k^© 

©  H 

H 

-  a 

H 

if.- 

H  E 

© 

V 

H  E 

H  E 

23.35. 

H 

6 


HN03,  H2SO« 


It 


23.36. 

a)  The  second  compound  will  have  an  N-H  stretching  signal  between  3300  and  3500  cm"1. 
The  first  compound  will  not  have  such  a  signal. 

b)  When  treated  with  HCI,  the  first  compound  will  be  protonated  to  form  an  ammonium 
salt  that  will  produce  an  IR  signal  between  2200  and  3000  cm" .  The  second  compound 
is  not  an  amine  and  will  not  exhibit  the  same  behavior. 


23.37. 

a)  The  *H  NMR  spectrum  of  the  first  compound  will  have  a  singlet  resulting  from  the  N- 
methyl  group.  [H  NMR  spectrum  of  the  second  compound  will  not  have  any  singlets. 

b)  The  !H  NMR  spectrum  of  the  first  compound  will  have  six  signals,  while  the  lH  NMR 
spectrum  of  the  second  compound  will  have  only  three  signals. 
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23.38. 


secondary 


23.39. 

a)  The  lone  pair  that  is  farthest  away  from  the  rings  is  the  most  basic,  because  its  lone 
pair  is  localized.  The  lone  pair  of  the  other  nitrogen  atom  is  delocalized  via  resonance. 


b) 


23.41. 


a) 


b)  N 
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23.43.  Only  one  of  the  nitrogen  atoms  has  a  localized  lone  pair  (highlighted  in  the 

following  structure).  The  other  two  nitrogen  atoms  have  delocalized  lone  pairs. 


23.44. 

a)  two 


b)  two 


c)  one 


23.45. 

a)  2,2,3.3-tetramethyl- 1  -hexanamine 

b)  (S)  -4-  ami  no- 2 ,2-  d  i  met  h  y  1c  y  c  1  oh  e  x  a  no  ne 

c)  dicyc lob uty Imethy lam i ne 

d)  3-bromo-2,6-di  meth  y [aniline 

e)  NtN-d\ methy  1-3 -propy  lani  line 
0  2.?-diLUhyJ-;V-moihyl  pyrrole 


23.46. 


ethyldimethylamirie 


1 


diethylamide 


methylpropylamine 


isopropylmethylamine 


H 

A 


1-butanamine 


^  h 

2-butanamine 


2-methyl- 
t-pro  panamine 


2-methyl- 
2-propanamine 


23.47.    None  of  these  compounds  are  chirah 


i 


dimethylpropylamine 


I 


isopropy  Idimethyla  mine 


diethylmethylamine 
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23.48. 

o 

a)  Base 


Acid 


b)  Base 


Acid 


23.49. 


23.50. 

a) 


b) 


c) 


1)  PBr3 

2)  NaN3 

3)  Ha,  Pt 

1 )  PBr3 


2)  NaCN 
3}  LAN 
4)  H20 


1)  PBr5 


2)  t-BuOK 

3)  03 

4)  QMS 

5)  [H+],  NaBH3CN,  NH3 
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23.51. 

a) 


1)  MaN3 

2)  H2>  R 


b) 


c) 


d) 


1 )  NaCN 

2)  LAH  *~ 

3)  H20 

1)  SOCI2,  py 

2)  xsNH3^ 

3)  LAH 

4)  H20 

1)  LAH 

2)  H20 


23.52.  Aziridine  has  significant  ring  strain,  which  would  increase  significantly  during 
pyramidal  inversion,  This  provides  a  significant  energy  barrier  that  prevents 
pyramidal  inversion  at  room  temperature. 

23.53. 


23.54. 


*0  * 
H^H 


*h4© 


CH3 


H-% 


h;n:'h 


H 

I 

NC  rJB  ,  H 

©I  v 

H  X 


:oh  , 

1  r^H 
H^ 

HH®'H 


HAH 
H^H 


:a 


H 
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23.55.  In  acidic  conditions,  the  amino  group  is  protonated  to  give  an  ammonium  ion. 
The  ammonium  group  is  a  powerful  deactivator  and  m eta-director. 


23.56. 

a)  The  presence  of  the  nitro  group  in  the  para  position  helps  stabilize  the  conjugate  base 
via  resonance.  As  seen  in  chapter  19,  this  effect  only  occurs  when  the  nitro  group  is  in 
the  ortho  and  para  positions. 

b)  The  basicity  of  ^rtfw-nitroaniline  should  be  closer  in  value  to  /ww-nitroaniline. 


23.57. 


23.58.  Protonation  of  the  oxygen  atom  gives  a  resonance  stabilized  cation  (as  seen  in 

chapter  20).  In  contrast,  protonation  of  the  nitrogen  atom  gives  a  cation  that  is  not 
resonance  stabilized. 


23.59. 

a) 

^      1)CH3CI,  AICi3 


2)  NBS,  heat 


u   —  u 


CT'i 


1 


0 


[HI,  NaBH3CN 

x. 


H  H 


b) 


o 


AICI3 

2)  HNO3,  H2S04 


1 )  Fe,  H3O- 

2)  NaN02,  HCI 
 p 

3)  CuCN 

4)  H30+ 


COOH 
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23.60. 


23.62. 


1 )  excess  Mel 

2)  Ag20,  H20:  heat 
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Br 


rr 

L        J  2)  HjO1 ,  heat 

3)  SQCb ,  py 
Q\  4)xsNH3 


d) 

23.63. 


1)  HN03,'  H2S04 

2)  Fe,  H3Q+ 

3)  NaN02,  HCI  * 

4)  CuCN 


[H+] 


NaBH3CN 
(CH3)2NH 


1)  excess  Mel 


2)  Ag20,  H20?  heat 


1)  03 

2)  DMS 


23.64.  The  conjugate  base  of  pyrrole  is  highly  stabilized  because  it  is  an  aromatic  anion 
and  it  is  resonance  stabilized,  spreading  the  negative  charge  over  all  five  atoms  of 
the  ring: 

r  ©  1 


23.65. 

o 
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23.66. 
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23.71. 

OH 


Br  b) 


CN 


Br 


a. 


23.72. 

o 


NH2 


j  HaSQ4  ) 
NaBhUCN 


KH 


23.73. 

a) 


NaNH2> 


Br2  t  [pYBr_>) 


Mg 


3)  H20 

4)  PCC,  GH2CI2 


1 


[H+] 
NaBH3CN 
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c) 


NaNH2.  NH, 


rrBr  1)Mg  ■  fi' c 

K^>       FeBr3  2)  C02  L!^1 


3)  H,0" 

4)  SOGI2 


1)  ^^Cl 

2)  HN03s  H2S04 

3)  HCI,  Zn[Hg]t  heat 


1)  Cl2,  AICI3 

2)  NaNH2,  NH3 


NH2 


NH2 


NaNO^ 
HCi 

© 


0 


CI 
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23.74.  The  IR  data  indicates  that  we  are  looking  for  structures  that  lack  an  N-H  bond  (i.e 


tertiary  amines): 


23.77.  The  compound  is  a  tertiary  amine  with  the  appropriate  symmetry  that  provides 
for  only  three  signals: 


Coniine 


CHAPTER  23 


23,80. 

1)  CHaCH^COCI,  AICI3  H(\/ 

0 2)  MeMgBr  1 )  cone.  H2SQ4l  heat 

3)  H20  l^J  2)  MCPBA 


23.81. 


2)  NaOH,  heat  [-L^-J 


1)  HNQ3!  H2SQ4  o 

2)  Fe,H3cr  _AN 
3)  EtI                                          3)  0 


23.82. 


+  N2  +  C02 


CHAPTER  23 


Na,  NH3 
CH3OH 


on         [H»,  t 

2)  DMS      h^-^^h  NaBH3CN 


1)  Br2l  hv 

2)  NaOEt^ 

3)  O3  *~ 

4)  DMS 


[H+] 


NaBH3CN 
CHaNH£ 
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23.87. 
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23.88.  Protonaticn  of  the  nitrogen  highlighted  below  results  in  a  cation  that  is  highly 

resonance  stabilized.  Protonation  of  either  of  the  other  nitrogen  atoms  would  not 
result  in  a  resonance  stabilized  cation: 


Chapter  24 
Carbohydrates 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  24.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary  . 

•  Carbohydrates  are  poly  hydroxy  or  ketones. 

•  Simple  sugars  are  called  and  are  generally  classified  as 

aldoses  and  . 

•  For  all  D  sugars,  the  chiraliiy  center  farthest  from  the  carbonyl  group  has  the  

configuration. 

•  Aldohexoses  can  form  cyclic  hemi  that  exhibit  a  pyranosc  ring. 

•  Cyclization  produces  two  stereoisomer! c  hemiacetals,  called  ,  The 

newly  created  chirality  center  is  called  the  carbon. 

•  In  the  a  anomcr,  the  hydroxyl  group  at  the  anomeric  position  is  to  the 

CH2OH  group,  while  in  the  ft  anomcr,  the  hydroxyl  group  is  to  the 

CH2OH  group. 

•  Anomers  equilibrate  by  a  process  called  which  is  catalyzed  by 

either  or  . 

•  Some  carbohydrates,  such  as  D-fructose,  can  also  form  five-membered  rings, 
called  rings. 

•  Monosaccharides  are  converted  into  their  ester  derivatives  when  treated  with 
excess      .  . 

•  Monosaccharides  are  converted  into  their  ether  derivatives  when  treated  with 
excess  and  silver  oxide. 

•  When  treated  with  an  alcohol  under  acid-catalyzed  conditions,  monosaccharides 
are  converted  into  acetals,  called  ..   Both  anomers  are  formed. 

•  Upon  treatment  with  sodium  borohydride  an  aldose  or  ketose  can  be  reduced  to 
yield  an   . 

•  When  treated  with  a  suitable  oxidizing  agent,  an  aldose  can  be  oxidized  to  yield 
an   . 

•  When  treated  with  HNOi  ,  an  aldose  is  oxidized  to  give  a  dicarboxylic  acid  called 
an  ; 

•  D-GJucose  and  D-mannose  are  epimcrs  and  are  interconverted  under  strongly 
 conditions. 

•  The  Kiliani-Fischer  synthesis  can  be  used  to  lengthen  the  chain  of  an  . 

•  The  Won  I  degradation  can  be  used  to  shorten  the  chain  of  an  

■  are  comprised  of  two  monosaccharide  units,  joined  together 

via  a  glycosidic  linkage. 

•  Poly  sacch  a  rid  cs  are  po  1  y  m  er s  c  onsisti  ng  of  re  peat  i  n  g  mo  no  s  ac  c  h  arid  e  uni  t  s 
linked  by   bonds. 

•  When  treated  with  an   in  the  presence  of  an  acid  catalyst, 

monosaccharides  are  converted  into  their  corresponding  N -glycosides. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  24.  The  answers  appear  in  the  section  entitled 
SkillBuiider  Review. 

24*1  Drawing  the  Cyclic  Hernia  eetal  of  a  Hydroxy  aldehyde 

DRAW  THE  CYCLIC  HEMiACETAL  THAT  IS  FORMED  WHEN  THE  FOLLOWING  HYDROXY  ALDEHYDE 
UNDERGOES  CYCL  tZA  TION  UNDER  ACSDiC  C  0NDST1ONS.   

f  "L 


24,2:  Drawing  a  Haworih  Projection  of  an  Aldwhexose 

DRAW  A  HAWORTH  PROJECTION  OF  &-Q-GA  LAC  TOP  YRANOSE. 

HY°  '  

H  OH  + 

HO  H  [H  1 

HO  H 

H  OH 

CH^OH 

^'GALACTOSE 


24  J:  Drawing  Ihe  More  Slahle  Chair  Conformation  of  a  Pyranose  Ring 


DRAW  THE  MORE  STABLE  CHAIR  CONFORMA  TtON  0  F  a-D-GALA  C  TOP  YRANOSE. 

HOCH2 

f 

qhJ — 0 

a-D-GA  L  ACTOP  YRA  NOSE 

MOPE  STABLE  CHAiR  CONFORMA  TION 

24.4  Identify  ing  a  Reducing  Sugar 


STEP  1- IDENTIFY  THE _ 
POSITION. 


CH2OH 


HO 
HO 


OH 


OCH3 


STEPS  DETERMINE  SF  THE  GROUP  ATTACHED  TO  THE  ANOMERIC  POSITION  li 
A   GROUP  OR  GROUP. 


GROUP.  ThEH  7n£  COMPOUND  :S  *  fi£iiuC!*G  SUGAR 
_  GROUPr  THEN  THE  COMPOUND  tS  NOT  A  REDUCING  SUGAR. 
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24,5  Determining  Whether  a  Disaecharide  Is  a  Reducing  Sn^ar 


STEP  1  -  IDENTIFY  THE  POSITIONS. 

OH 

CH2OH 
WjC^Q  CH2OH 
Ho\^-^!>\_--0---V-\------ 0 

OH  HO-V-^^-OH 

STEP  2  -  DETERMINE  if  THE  GROUPS  ATTACHED  TO 
THE  ANOMERIC  POSITIONS  ARE  HYDROXY  GROUPS  OR 
ALKOXY  GROUPS. 

-  IF  ONE  13  A                      GROUP.  THEN  THE 
COMPOUND  )S  A  REDUCING  SUGAR. 

-  IF  NEITHER  A  RE                      GROUPS.  THEN  THE 
COMPOUND  IS  NOT  A  REDUCING  SUGAR. 

OH 

Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  24.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 

Hemiacetal  F ormatian 


JCH2OH 
4=0 
-H 
-OH 
-OH 
uCH2OH 


HGCH2 


-OH 


OH  H 


CH2OH 


HOCH, 


OH 


OH 


HO 


VI. 


CH2OH 
H 


Chain  Lengthening  and  Chain  Shortening 


^0  H^ 
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Solutions 


24.1. 

a)  an  aldohexose 
d)  an  aldotetrose 


b)  an  aldopentose 
e)  a  ketohexose 


c)  a  ketopentose 


24.2.  Both  are  hexoses  so  both  have  molecular  formula  (C6Ht206)<  Although  they  have 
the  same  molecular  formula,  they  have  different  constitution  -  one  is  an  aldehyde  and  the 
other  is  a  ketone.  Therefore,  they  are  constitutional  isomers. 

24.3.  All  are  D  sugars  except  for  (b),  which  is  an  L  sugar. 

a)2S,3S,4R,5R        b)  2R,  3S,  4S        c)  3R,  4R       d)  2ST3R  e)3S,4S,5R 
Pay  special  attention  to  the  following  trend:  The  configuration  of  each  chirality  center  is 
R  when  the  OH  group  is  on  the  right  side  of  the  Fischer  projection,  and  the  configuration 
is  S  when  the  OH  group  is  on  the  left  side. 


24.4. 


a) 


CH2OH 


HO- 
HO- 
HO- 
HO 


-H 
-H 

-H 
CH2OH 
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245. 


CHpOH  CH.OH 
I  I 
C-0  C-0 

-\—QH  HO— r— H 


CH2OH  CH^OH 

^  v  ^ 

enantiomers 


24.6. 


OH 
4—QH 

CH^OH 

D 


HO- 
HO 


H 
H 

CH2OH 
L 


V 

enantiomers 


HO- 

H- 


-H 
OH 


CH2OH 
D 


H- 
HO- 


-OH 

-H 


CH2OH 
L 


Y 

enantiomers 


J 


24.7. 


CH2OH 

c=o 

-OH 
-H 
-H 
CH2OH 
L-Fructo&e 


H- 
HO- 
HO- 


24.8.  D-fructose  and  D -glucose  are  constitutional  isomers.  Both  have  molecular  formula 
(CftHnOft).  Although  they  have  the  same  molecular  formula,  they  have  different 
constitution  -  one  is  a  ketone,  and  the  other  is  an  aldehyde. 

H .  .0 


CH2OH 
C-0 
OH 
■H 
OH 
CH2OH 
D-Fructose 


H 
HO 
H 


H 

HO 
H 
H 


OH 
-H 
-OH 
-OH 
CH2OH 
D-Gtucose 
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24.9. 


a) 


°     OH  ^V"  C^°" 

b)  c)  x  \  d) 


OH 


HO 


24.11. 

HO^\-Q 


OH 


a)  ^  HQ' 

b)  The  six-member  ed  ring  is  expected  to  predominate  because  it  has  less  ring  strain  than 
a  five-mem  be  red  ring. 


24.12. 


24.13.  (3-D - gaJ ac topy ran o se 
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D-Allose 
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2419. 


OH 

OH  OH  OH  I 

&  ^ 

a)      OH  OH  b)      0H  OH  c)      OH  d)  OH 


2420. 


h.c^o: 


H 
HO 


-OH 

-H 
CH2OH 

L-THREQSE 


H 
HO 


-OH 
H 

CH2OH 
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2421. 


CH2OH 


,  Oil™ 


CH2OH 


24.22. 


CH2OH 

c=o 


HO 
H 
H 


H 

OH 
OH 
CH2OH 
D -Fructose 


24.23 

a) 

HO 


CH2OH 


HO- 


OH 


OH 


excess  Ac2Q 

py 


AcO 


AcO 


CH2OAc 


OAc 


OAc 


b) 

CH2OH 

HO--vA---0v 
HO-X^-^O 
OH 


OH 


excess  Ac20 

py 


CH2OAc 

Aco\^-*^^ 

OAc 


OAc 


HO 


CH2OH 


HO  -V*-"""^^--  OH 

C)  OH 


excess  Ac20 

py 


AcO 


CH2OAc 


AcO 


.-OAc 


OAc 
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24.24. 


2425. 
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24.30.  The  following  alditols  are  me  so  compounds,  and  are  therefore  optically  inactive: 
H  CH2OH 


-OH 
-OH 


-OH 


OH 

CH2OH 

D- A  Hose 


NaBH4 


H20 


-OH 
-OH 


-OH 


OH 
CH2OH 
(meso) 


H 
HO 
HO 

H 


-OH 

-H 
-H 


OH 

CH2OH 

D-Galactose 


NaBH4 

H20 


H 

HO 
HO 
H 


CH2OH 
-OH 
-H 
-H 


OH 
CH£OH 
(meso) 


2431. 


a)  No  (an  acetal) 


b)  Yes 


c)  Yes 
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24.32. 

H  OH 

HO  H 

HO  H 

H  OH 

ChbGH 

a)  D-Galactonfc  acid 


H0-c*° 

H  OH 

HO  H 

HO  H 

H  OH 

CH2OH 

h)  D-Gafactonfc  acid 


H  OH 

HO  H 

H  OH 

H  OH 

CH2OH 

C)  D-Gtuconic  acid 


H  OH 

HO  H 

H  OH 

H  OH 

CH2OH 

d)  D-Glucontc  acid 


24.33.  This  compound 
acetal  group. 


will  not  be  a  reducing  sugar  because  the  anomeric  position  is  an 

CH2OCH3 


CH30 


OCH3 

0-D-Glucopyranose  pentamethyl  ether 


24.34. 


OH 
OH 
OH 

CHjOH 


a) 


D-Ribos& 


Fischer-Kiliani 


H^  .,0 


OH 
OH 
OH 
-OH 


CH2OH 
D-Alfose 


H  .0 


HO 
H- 

H- 


H 
-OH 
OH 


■OH 
CH2OH 

D-Altose 


V 


H- 
HO- 

H- 


■OH 

—  H 

—OH 


b) 


CH2OH 
D-Xytose 


Fischer-Kiliani 


>V0 


H 
H 
HO- 
H- 


OH 
OH 
hi 

OH 
CH2OH 


D-Gufose 


HO 
H- 

HO 


-OH 
-H 


OH 

CHjOH 

D-fdose 


-H 
-H 

-OH 


HO- 
HO- 
H- 

CHpH 

D-Lyxose 


Fischer-Kiliani 


H- 
HO- 
HO- 

H- 


-OH 
-H 
-H 
-OH 


CH2OH 
D-Galactose 


HO- 
HO- 
HO- 
H- 


-H 
-H 
-OH 
CH£OH 

D-Tatose 
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2435. 


H  ^0 


-OH 
-OH 
CH2OH 
D-Erythrose 


1)  HCN 


2)  H2  ,  Pd  /  BaSQ4  ,  H20 


OH 
■OH 
OH 
CH2OH 

D-Rfbose 


HO- 
H- 
H 


-OH 

OH 


GH2OH 
D-Arabtnose 


24.36. 


-OH 
OH 

-OH 
OH 
CHjOH 


H0- 
H 

H- 
H 

CH2OH 


-H 

-OH 
-OH 
OH 


Wohl  Degradation 


OH 
OH 
OH 

CHjjOH 

D-Rfbo$e 


2437. 


OH 
OH 
OH 
CH2OH 


1)  NH£0H 

2)  Ac20 

3)  NaOMe 


H  OH 

H  OH 

CH^OH 
D-Erythrose 


24.38. 


n  ,0 


H 
HO- 
H 

H- 


OH 
-H 

OH 
-OH 


CH2OH 
D-GIucose 


Wohl 


Degradation 


HO 
H 
H- 


H 

OH 
OH 
CH2OH 


D-Arabtnose 


Fischer- 
Kiliani 


H 
HO- 
H 

H- 


OH 
-H 

OH 
-OH 


CH2OH 
D-Glucose 


HO 
HO 


H 

OH 
OH 
CH2OH 


D-Mannose 


2439. 

a)  Yes,  one  of  the  anomeric  positions  bears  an  OH  group. 

b)  No,  both  anomeric  positions  bear  acetal  groups. 

c)  No,  both  anomeric  positions  bear  acetal  groups. 
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2440. 


CH2OH 


CK2OH 


CH2OH 


NaBH4  HO 


-^-X---^  CH2OH 


OH  J  MeOH 

OH 


OH  HO 


OH 


2441. 

a) 

CH2OH 

HO  8  CH  2OH 

0H         HO-\^**^\_-OH  H20 

CHaOH 

HO 
HO 

bH        HO-\^^\_-OH  H20 


b) 

c) 


CH3OH 


CH2OH 


CH3OH 

HO-^-\---°  CHaOH 

OH         HO-V^*^\_OH         HCI  HO 

OH  OH 


CH2OH 
HO-^-V---Q 


HO-V^*T^\__-OCHa    +  Ho\^"^\ 

OHOCH< 


d) 


CH5OH 


HO 


-^-\_---°x  CH2OH 
HO  \*-"^U-*G  -X-V--0, 


CHjOAc 


Ac20 


AcG 


OH       ho-\^-^^..-oh  py 

OH 


OAc  AcO-\^^^..--OAc 
OAc 


2442. 

a)  a  D-aldotetrose  b)  an  L-aldopentose  c)  a  D-aldopentose 
d)  a  D- aid  obex  ose       e)  a  D-keto  pentose 


2443. 

a)  D -gl y c e raldeh yde    b )  L-g I y c e raldeh yde    c)  D-gJyce raJ d eh y de    d)  L-glycera Ideh yde 


2444. 

a)  D-Glucose         b)  D-Mannose        c)  D-  Galactose      d)  L-Glucose 
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24.45, 

a)  D-Ribose 

b)  D-Arabinose 


HO 

HO- 

HO 


H 
H 
H 

CHaOH 


c)  L-Ribose 

d)  Same  compound 

e)  Diastereomers 


2448. 


s  OH  MM  OH  OH  OH  OH 

CH^OH 

a  furanose  ring  0  furanose  ring 

D-ribose 


24.49 

a)  epimers       b)  diastereomers 


c)  enantiomers      d)  identical  compounds 
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2450. 


H 
HO 
H 
H 


OH 
H 

OH 
OH 
CH2OH 
D-Glucose 


24.51. 


Hs  .-0 
C ' 


a) 


-OH 
-OH 
CH2OH 


H 

H- 
HO 


OH 
H 


b) 


CH2OH 


H  ^0 
G '"' 


H- 
HO- 
H- 


C) 


H^  ^O 


OH 
■H 
OH 
CH2OH  d) 


H- 
HO- 
H- 


-OH 
-H 
-OH 
-OH 


HO- 
H- 


GH2OH  ej 


CH2OH 

c=o 

■H 
OH 

CH2OH 


2452. 


Hx,0 


H 
HO 
H 
H 


a) 


OH 
H 

OH 
OH 
CH2OH 
D-Gfucos& 


V 


-OH 
-H 


H- 
HO- 
H0- 

H— ^OH 
CH2OH 
D-Gafactose 


HO- 
HO 

H 

H 


H 
H 

-OH 
-OH 
CH2OH 
c)  D-Manrtos& 


H- 

H 

H 


OH 

-OH 
-OH 
-OH 
CH2OH 
J)  D-Altose 


2453, 

6 

HOCH2 


HOCH2 

2__..__0 OH  HO     J  O  OH 

kg  H^2     K™  >     <?h  > 

H  ]^  37   CH2OH  *         f  HO  ^         p  OH 

OH  Hi  OH  c)  OH 


HOCHg 

J—  °v 


a) 


HOCHa 
J  O.  OH 


d)  ho 


-<?H  °& 


2454, 

HOCH2 

HO^  r  oh 

OH  OH 


2455. 

a)  a-D-allopyranose 

b)  p  D-galactopyranase 

c)  methyl  p-D-gJucopyranoside 


656 


CHAPTER  24 


24.56. 

H  OH 

H  OH 

H  OH 

H  OH 

CH2OH 
„\  D-AHo$e 


H  OH 

HO  H 

HO     — H 

H  OH 

CH2OH 
b)  D-Galactose 


V° 

H-r  OH 

HO  H 

H  OH 

H  OH 

CH2OH 
c)  D-Glucose 


24.59. 


H- 


H  OH 


-OH 


OH 
OH 
CH2OH 
D- A  IS  use 


HNQ3>  H2Q 
heat 


ho.c,o 


H— 

OH 

H— 

OH 

H— 

—OH 

H^ 

OH 

meso 
compound 


HO  :0 
optically  inactive 
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2460. 


equatorial  axial 

ho^  oh 

equatorial  Y*"^ 

oh  oh 
axial  axial 


24.61. 

HO 


TCH2OH 

OH  1 
OH 


CH3J 


Ag20 


OHaO   

■  I  CHvGCH;, 


CH,0 


OCH3 


CH30 


CHaO- 


2462. 


a)  d  i  aster eo  triers 

b)  same  compound 


CH3o\^-^A  +  CHao\-^^\_OH 

cu\  I.  0CH* 


CHs°  OH 


2463. 


CH2OH 
0=0 
OH 


Q,. 

OH 

CH2OH 


HO- 
H- 
H- 


CH2OH 
I 

c=o 

-H 
-OH 
-OH 
CH2OH 


H- 

HO- 
H- 


CH2OH 
I 

c=o 

OH 
H 

OH 
CH2OH 


HO- 
HO- 

H- 


CH2OH 

i=o 

■H 
■H 
OH 
CH2OH 


24.64. 


H.. 


OH 
OH 
OH 
CH2OH 

D-Ribose 


Wohl 
degradation 
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24.65. 


HO- 

H 
H 


H 
-OH 
-OH 


CH2OH 
D-Arubmcsc 


Kiliani-Fischer 


H- 
HO- 
H- 
H- 


QH 
-H 

-OH 
-OH 


CH2OH 
D-Glucose 


HO- 
HO- 

H- 
H- 


-H 
-OH 
-OH 

CH2OH 

D-Mannose 


24.66. 

H— UoH 
CHaOH 
D-Glyceratdehyde 


HON 


H- 
H- 


CN 

OH 

OH  + 
CH2OH 


HO- 
H- 


CN 

 H 

 OH 

CH2OH 


Diastereomers 


24.67. 


CH2OH 


CH2OH 


HO 
HO- 
H- 
HO 


■H 
-H 
-OH 


■H 
CH2OH 
b)  L-Gutose 


NaBH4 


H20 


CH2OH 


HO- 
HO- 
H- 
HO- 


H 
-OH 
H 


CH2OH 


H- 
HO- 
H- 
H- 


CH2OH 
-OH 
-H 

OH 
-OH 


CH2OH 


24.68.  D-Allose  and  D-Galactose 
24.69. 

a)  This  compound  will  not  be  a  reducing  sugar  because  the  anomeric  position  is  an  acetal 
group. 

b)  This  compound  will  be  a  reducing  sugar  because  the  anomeric  position  bears  an  OH 
group. 
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2470 

a)  CH3OH,  HC1 

b)  CH3OH,  HC1 

c)  HN03?  H20,  heat 

d)  excess  CH3I,  Ag>0  followed  by  H30+ 
24.71. 

a)  a-D-glueopyranose  and  f>-D-glucopyranose 

b)  a-D - g  a  1  act  o  p y ra nose  and  (3-D-galactopyranose 


2472. 


a)  D-Arabinose 

b)  D-Ribose  and  D-xylose 

c)  D-xylose 

d)  D-xylose 


2473. 


HOCH; 


HOCH2 


2474 


NaBH4 


H  OH 

HO  H 

H  OH 


CH2OH 


HO 


H 


H  OH 

CH2OH 


H20 


CH^OH 


D-Xyiosc 


D-Xyiitol 


2475. 


CH^OH 


OH 


Isomaltose 
(a  1  6-a-glycoside) 


OH 
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2476 


a)  No,  it  is  not  a  reducing  sugar  because  the  anomeric  position  has  an  acetal 
group. 

OH 


c)  Salicin  is  a  ^-glycoside. 


e)  No.  In  the  absence  of  acid  catalysis,  the  acetal  group  is  not  readily 
hydrolyzed. 

2477. 


2478. 
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2479. 


a) 


NH2 


N 


HO  JN^N^ 


!  DEOXY- 
0H        ADENOSINE  h) 


OCX 


M  NH2 


GUANOS  IN  E 


24m 


NaBH4 
H20 


H 


HO- 


CH.I 


NaBH4 
H20 


HO- 
H- 
H 


CH2OH 
H 

Oh 
OH 


OH2OH 


(optically  active) 


HO- 
HO- 
H- 


H 
-H 
-OH 
CH5OH 

(optically  active) 


OH£OH 
-OH 
-OH 


OH 


CH£OH 
{optically  inactive) 


CH^OH 
H — — OH 
HO — j — H 
H — — OH 

CH^OH 

(optically  inactive) 


2431 

HO  O 

H  OH 

HO  H 

H  OH 

H  OH 

a)  CH2OH  OH 

c)  Yes.  The  compound  has  chirality  centers,  and  it  is  not  a  meso  compound.  Therefore, 
it  will  be  optically  active. 

d)  The  gluconic  acid  is  a  carboxylic  acid  and  its  1R  spectrum  is  expected  to  have  a  broad 
signal  between  2500  and  3600  era'  ,  The  IR  spectrum  of  the  lactone  will  not  have  this 
broad  signal. 
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24.82.  In  order  for  the  CFhOH  group  to  occupy  an  equatorial  position,  all  of  the  OH 

groups  on  the  ring  must  occupy  axial  positions.  The  combined  steric  hindrance  of 
all  the  OH  groups  is  more  than  the  steric  hindrance  associated  with  one  CH2OH 
group.  Therefore,  the  equilibrium  will  favor  the  form  in  which  the  CH2OH  group 
occupies  an  axial  position.  The  structure  of  L-idose  is: 

HY° 

H  OH 

HO  H 

H  OH 

HO  H 

CH2OH 

L-tdose 

2483. 


(3-pyranose  form 
D-Atlose 

(Compound  A) 


2484,  Glucose  can  adopt  a  chair  conformation  in  which  all  of  the  substituents  on  the 
ring  occupy  equatorial  positions.  Therefore,  D-glucose  can  achieve  a  lower 
energy  conformation  than  any  of  the  other  D-aldohexoses. 
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24.85. 


H  >J0 


H 
HO 
II 


D 1 1 

-H 


OH 
01 1 
GH2OH 

D-giucose 


CHpH 
H — — OH 

H — — OH 
CH2OH 


HO- 
H- 
H 


OH 
OH 
CH2QH 


CH^OH 

c=o 


H  H 


OH 
OH 
CH2OH 


taut 


CH^OH 


01 1 
01 1 

CH2OH 


-OH 
OH 
CH2OH 


H — — OH 

 OH 

ch2gh 


HO 


Lau: 


CH2PH 


CH5OH 


HO- 
HO- 


— H  V 


H 

CH2GH 


A  J 


HO- 
MO 
110 


CH2OH 
.OH 


■..■I  I  V1-.-- 1 


taut 


H 

GH2GH 


HO- 
HO- 


CHeOH 

G=0 
H 
II 

CHsOH 


H 

HO 
HO 


OH 

Ho 

-H 


H 

CHgOH 


CH2OH 
H — — OH 
HO^L 


01  i 

CI  I 
CH2GH 


.0 


H- 

HO 
HO 


H 

CH2OH 


CH2OH 

~o}  H+OH 


II 


CH2GH 


HO 
HO 


..CM 

"OH  taut 

-H 


II 

GH2OH 


II 
-OH 

HO- 
HO- 

CH2OH 
L-gfucost' 
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24.86,  Compound  X  is  a  D-aldohexose  that  can  adopt  a  p-pyranose  form  with  only  one 
axial  substituent.  Recall  that  D-glucose  has  all  substituents  in  equatorial  positions,  so 
compound  X  must  be  epimeric  with  D-glucose  either  at  C2  (D-mannose),  C3  (D-allose), 
or  C4  (D-galactose). 

Compound  X  undergoes  a  Wohl  degradation  to  produce  an  aldopentose,  which  is 

converted  into  an  optically  active  alditol  when  treated  with  sodium  borohydride. 

Therefore,  compound  X  cannot  be  D-allose,  because  a  Wohl  degradation  of  D-allose 

followed  by  reduction  produces  an  optically  inactive  alditol. 

We  conclude  that  compound  X  must  be  either  D-mannose  or  D-galactose. 

The  identity  of  compound  X  can  be  determined  by  treating  compound  X  with  sodium 

borohohydride.  Reduction  of  D-mannose  should  give  an  optically  active  alditol,  while 

reduction  of  D-galactose  gives  an  optically  inactive  alditol. 

24.87.  Compound  A  is  a  D- aldopentose.  Therefore,  there  are  four  possible  structures  to 
consider  (Figure  24.4). 

When  treated  with  sodium  borohydride,  compound  A  is  converted  into  an  alditol  that 
exhibits  three  signals  in  its    C  NMR  spectrum.  Therefore,  compound  A  must  be  D- 
ribose  or  D-xylose  both  of  which  are  reduced  to  give  symmetrical  alditols  (thus,  three 
signals  for  five  carbon  atoms). 

When  compound  A  undergoes  a  Kiliani- Fischer  synthesis,  both  products  can  be  treated 
with  nitric  acid  to  give  optically  active  aldaric  acids.  Therefore,  compound  A  cannot  be 
D-ribose,  because  when  D-ribose  undergoes  a  Ki I iani- Fischer  synthesis,  one  of  the 
products  is  D-allose,  which  is  oxidized  to  give  an  optically  inactive  aldaric  acid.  We 
conclude  that  the  structure  of  compound  A  must  be  D-xylose. 


b)  Compound  D  is  expected  have  six  signals  in  its  ,3C  NMR  spectrum,  while  compound 
E  is  expected  to  have  only  three  signals  in  its  13C  NMR  spectrum. 


HO  H 

H  OH 

CH2OH 


a)  D-Xyiose 


HO  H 

H  OH 

HO  H 

H  OH 


HO'  *0 


Compound  D 


Compound  E 


Chapter  25 
Amino  Acids,  Peptides,  and  Proteins 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  25.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  Amino  acids  in  which  the  two  functional  groups  are  separated  by  exactly  one 
carbon  atom  are  called  amino  acids. 

•  Amino  acids  are  coupled  together  by  amide  linkages  called  ___  bonds. 

•  Relatively  short  chains  of  amino  acids  are  called  -t 

•  Only  twenty  amino  acids  are  abundantly  found  in  proteins,  all  of  which  are  

amino  acids,  except  for   which  lacks  a  chirality  center. 

•  Amino  acids  exist  primarily  as  at  physiological  pH 

•  The  of  an  amino  acid  is  the  pH  at  which  the  concentration 

of  the  zwitterionic  form  reaches  its  maximum  value. 

•  Peptides  are  comprised  of  amino  acid  joined  by  peptide  bonds. 

•  Peptide  bonds  experience  restricted  rotation,  giving  rise  to  two  possible 

conformations,  called  ______  and  .  The  conformation  is  more 

stable. 

•  Cysteine  residues  are  uniquely  capable  of  being  joined  to  one  another  via 
 bridges. 

•  _____  is  commonly  used  to  form  peptide  bonds. 

•  In  the  Mcrrificld  synthesis,  a  peptide  chain  is  assembled  while  tethered  to 

•  The  primary  structure  of  a  protein  is  the  sequence  of  , 

•  The  secondary  structure  of  a  protein  refers  to  the  

 of  localized  regions  of  the  protein.  Two  particularly 

stable  arrangements  are  the  helix  and  pleated  sheet. 

•  The  tertiary  structure  of  a  protein  refers  to  its  

•  Under  conditions  of  mild  heating,  a  protein  can  unfold,  a  process  called 


*    Quaternary  structure  arises  when  a  protein  consists  of  two  or  more  folded 

polypeptide  chains,  called  ,,  that  aggregate  to  form  one  protein 

complex. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  25.  The  answers  appear  in  the  section  entitled 
Skill  Builder  Review. 

25.1   Determining  the  Predominant  Form  of  an  Amino  Acid  at  a  Sped  fit  pH 

CONSIDER  THE  FOL  L  OWING  A  MlNO  AClD.  f  

AND  DRAW  THE  FORM  THAT  PREDOMINATES 
AT PHYSIOLOGICAL  ph. 


25*2  Using  the  Amidomalonate  Synthesis 

IDENTIFY  REAGENTS  THAT  WILL  ACHIEVE  THE  FOLLOWING  TRANSFORMATSON: 

1"  I 


f  % 


25*3  Drawing  a  Peptide 


DRAW  A 
BOND-LINE 
STRUCTURE  FOR 
THE  TRIPEPTIDE 
Pt\e-Val-Trp. 


25.4  Sequencing  a  Peptide  via  Enzymatic  Cleavage 

IDENTIFY  THE  FRAGMENTS  OBTAINED  FROM  ENZYMATIC  CLEAVAGE  OF  THE  FOLLOWING  PEPTIDE: 


Ala-Phe-Lys-Pro-Met-Tyr-Gly-Arg-Ser-Trp-Leu-Hist 


CHAPTER  25  667 


2  5.5  Plannin  g  the  Sy  tit  lies  is  or  a  Dipe  p  1  id? 


IDENTIFY  ALL  REAGENTS  NECESSARY  TO  PREPARE  THE  DiPEPTtDE  Ati-Gfy: 


Ala  Gly 

I  I 


Boc— Ala    +  Gly-fOC 


-Ala-Glj^ 


Ala— Gly 


25.6  Preparing  a  Peptide  using  the  Merrifield  Synthesis 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  25.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 


Analysis  of  Amino  Acids 


H20 

co2 

RCHO 
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Synth  esis  of  Am  ino  Ac  ids 


[H4] 


H20 
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Solutions 


25.1.  In  each  case,  the  chirality  center  has  the  R  configuration. 


HQ 

H — | — NH2 

D- Alanine 


25.2. 


a) 


OH 


H— | — NH2 

CH(CH3)2 
D- Valine 


NH2 


C) 


OH 


NH2 


d) 


OH 


NH2 


253. 

a)  Pro,  Phe,  Trp,  Tyr,  and  His 

b)  Phe,  Trp,  Tyr,  and  His 

c)  Arg,  His,  and  Lys 

d)  Met  and  Cys 

e)  Asp  and  Glu 

f)  Pro,  Trp,  Asn,  Gin,  Ser,  Thr,  Tyr,  Cys,  Asp,  Glu,  Arg,  His,  and  Lys 


25.4. 


0 

H^Y^-o°  r-r^ 

H 

w^±Qe  /^^AoB  H0X^yKqg. 

k  el  *C  L  m  SI, 


d) 


6  ©N^ 
H"  I  "H 
H 


e) 


"  |  H 

H 


0 


H    |  H 

H 


25.5.    Arginine  has  a  basic  side  chain,  while  asparagine  does  not.  At  a  pH  of  1 1 , 

arg  in  in  e  exists  predominantly  in  a  form  in  which  the  side  chain  is  proton  ate  d.  Therefore, 

it  can  serve  as  a  proton  donor. 


25.6.    Tyrosine  possesses  a  phenolic  proton  which  is  more  readily  deprotonated  because 
deprotonation  forms  a  resonance-stabilized  phenolate  ion.  In  contrast,  deprotonation  of 
the  OH  group  of  serine  gives  an  alkoxide  ion  that  is  not  resonance-stabilized.  As  a  result, 
the  OH  group  of  tyrosine  is  more  acidic  than  the  OH  group  of  serine. 
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25,7. 

a)  2.77  b)5.98  c)  9.74  d)  630 

25.8. 

a)  aspartic  acid 

b)  glutamic  acid 


25.9.  Leucine  and  isoleucine 


25.10.  The  pi  of  Phe  =  5.48,  the  pi  of  Trp  =  6.1  1,  and  the  pi  of  Leu  =  6.00. 

a)  At  pH  -  6.0,  Phe  will  travel  the  farthest  distance. 

b)  At  pH  =  5.07  Trp  will  travel  the  farthest  distance. 


25.11. 
25.12. 


a) 


1 )  Br2 ,  PBr3 

2)  H20 

3)  excess  NH3 


H 


NH2 

(racemic) 


O  O 

1)  Bra, 

2)  H20 

3)  exce 

b)  (racemic) 


A  1)Br2;PBr3  ^  U 


3)  excess  NH3 


XX 


0 


3 j  pvc  ••  •  ••    I-.  I  ; 


c\  {racemic) 
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25.13. 


Leucine  b)      Valine         c)   Phenylalanine        d)  Glycine 


25.14. 


O      O  I  o 


sBr 


a)  3)  H30+i  heat 


b) 


1)NaOEt 
H     Y  3)HaO\heat 


O       O  (  O 

1)NaOEt 


A, 

c)  3)  H^O*,  heat 


25.15. 

O                           I        0  0 

NH2                                 NH2  I  NH2 

a)   alanine  b)       valine  c)  leucine 


25.16.    Leucine  can  be  prepared  via  the  amidomalonate  synthesis  with  higher  yields 
than  isoleucine,  because  the  former  requires  an  S\2  reaction  with  a  primary  alkyl  haJide, 
while  the  latter  requires  an  SN2  reaction  with  a  secondary  (more  hindered)  alkyl  halide. 
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25.17. 


1)NB4Cl,NaCN 


a)  nh2 


1)  NH4CI,  NaCN 


H         2)  H30+ 


C) 


NaCN 


2)  HaO 


25.18. 


?,  1 )  NH4CI;  NaCN 


K3G-  2)H30+  Y  "OH 

NH2 

a)  alanine 

?  IJNH^a  NaCN 


2:HSQ-  Y     T  0H 

NH2 

b)  leucine 


 K 


1}NH4Cl,NaCN 


2JK304  Y  OH 

NH2 


c)  va//ne 
25.19. 


o 

H2CY^OH 
a)  NHAc  b) 


^V^OH  "Y^T  oh 

NHAc  C)       '  NHAc 
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25,20.  Glycine  does  not  possess  a  chirality  center,  so  the  use  of  a  chiral  catalyst  is 
unnecessary.  Also,  there  is  no  alkene  that  would  lead  to  glycine  upon  hydrogenation. 


25.21. 


25.22.  Leu-Ala-Phe-Cys-Asp  or  L-A-F-C-D. 

25.23.  Cys-Tyr-Leu 

25.24.  Constitutional  isomers 

25.25. 


25.26.  Steric  hindrance  results  from  the  phenyl  groups: 
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25.27. 


25.28, 

HOOC 


1  .HjL 

H2N      >r     Y  ° 


a) 


HOOC, 


HpN     Y    ^  ° 
0 


H  I 


b) 

25.29. 


HOOC 


HOOC. 


t> -Glutamic 


Nat  naturally  occurring 


^  ^  ~r  nr 

N— 


Not  naturally  occurring 


Bacitracin  A 


H2N  NH 


k  ^3 


t  n 


□  -Phenylalanine 


D-Aspartic 
acid 


L-Histidine 
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25.30.  An  Ed  man  degradation  will  remove  the  amino  acid  residue  at  the  N  terminus,  and 
Ala  is  the  N  terminus  in  Ala-Phe-Val.  Therefore,  alanine  is  removed,  giving  the 
following  PTH  derivative: 


CH3 


25.31. 

Met-Phe-Val^Ala-Tyr-Lys-Pro-Val41e-l^u-Arg-Trp-His-Phe^Met'Cys^Arg-Gly-PrO' 
Phe-Ala-Val 

25.32.  Ala-Phe-Val-Lys 

25.33.  Cleavage  with  trypsin  will  produce  Phe-Arg,  while  cleavage  with  chy  mo  trypsin 
will  produce  Arg-Phe.  These  dipeptides  are  not  the  same.  They  are  constitutional 
isomers. 


25.34. 

a) 

Trp 


{Bqc)20 


Boc — Trp 


[H4] 
CH3OH 


Met  — OCH3 


Boc — Ttp-  Met  OCH3 


1)  CFaCOOH 

2)  NaOH.  H2Q 


Trp — Met 
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c) 

(Bqc)20 


Leu— Val 


25.35. 


(Boc^O 

lie      —  Boc  He 


Phe 


[HI 


CHPH 


Phe — OChfe 


Boc — He  — Phe— OCHa 


NaOH: 


Boc — Lie  — Phe 


DCC 


Gly — 0CH3 


lie  — Phe-Gly 


1 )  CF3COOH 


2)  NaOH,  H20 


Boc — He— Phe— Gly— OCHa 
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25.36. 


Leu   Boc — Leu 


Val 


[Hi 


CH3OH 


Val— OCH3 


Boc — Leu  —  Val  —  DC  H3 


NaOH,  H2Q 


Boc — Leu -Val 


Boc  —  Leu  —  Val — Phe  —He — OCH3 


1)NaOH.  H20 
2) 


Ala  —  OCH3 
DCC 


1)NaOH  H20 


lie— OCH3 
DCC 


Phe  —  OCH3 
DCC 

Boc  Leu  -  Val  —  Ph  e — OCH  0 


Boc  —  Leu  —  Val  — Ph©  —He  — Ala  —  OCH3 


1)CF3COOH 


2)  NaOH.  H20 


Leu  —  Val  —  Ph*  —He  —  Ala 
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25.37. 

a) 


H 


1)  Boc^  V  O 


 ^  Phe-Leu-Val-Phe 

2)  CF3COOH 

H  I 

3}  Boc"N^^OH    ,  DCC 
_ 

4}  CF3C0OH 

H  0 

5)  Boc^-^OH  ,DCC 

Y 

6)  CF3COOH 

H  0 

7)  Boc^y^OH  ,DCC 

Sh 
6)  CF3COOH 

9;.  HF 


b) 


H  O 
1)  Boc       r  0 


Cr^POLVMiR   Ala-Vaf-Leu-lle 

2)  CF3COOH 

H  0 

3)  Bpc^V^OH  :DCC 

Y 

4)  CF3COOH 
H  ° 

5)  Bw"NY^OH  ,DCC 

6)  CF3COOH 
H 


7)  Boc"NV^OH  ,DCC 


8)  CF3COOH 

9)  HF 
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25.38.  (N  terminus)     Val-Ala-Phe       (C  terminus) 

25.39.  The  regions  that  contain  repeating  glycine  and/or  alanine  units  are  the  most  likely 
regions  to  form  p  sheets: 

Trp^His^Pro-Ala^Gly^Gly-ALa-Val-His-Cyst-Asp-Ser-Arg-Arg-Ala-Gly-Ala-Phe 

25.40. 


,3 


a) 


H    I  H 


HnN 


u  u  u 


c) 


H    I  H 
H 


d) 


\® 
i  H 
H 


25.41.  When  applying  the  Cahn-Ingold-Prelog  convention  for  assigning  the 

configuration  of  a  chirality  center,  the  amino  group  generally  receives  the  highest 
priority  (1 ),  followed  by  the  carboxylic  acid  moiety  (2),  followed  the  side  chain 
(3),  and  finally  the  H  (4).  Accordingly,  the  S  configuration  is  assigned  to  L  amino 
acids.  Cysteine  is  the  one  exception  because  the  side  chain  has  a  higher  priority 
than  the  carboxylic  acid  moiety.  As  a  result,  the  R  configuration  is  assigned. 

25.42. 


H2N- 
H- 


-OH 


HO^G 


H2N — — ~H  H2N- 
b)  GH£°H  C) 


HO^G 


H 

CH2Ph 


H2M— |— H 
^  CHaCONHa 


25.43. 


a)  Iso leucine  and  threonine 

b)  Isoleucine  -  2SJS.  Threonine  -  2SJR 


25.44. 


OH 


OH 


NH2 


^4-^OH 


\ih. 


25.45.  The  protonated  form  below  is  highly  stabilized  by  resonance,  which  spreads  the 
positive  charge  over  all  three  nitrogen  atoms. 


A 


H  -A  H 

N  O 
Acid  II 


H2N        N  y     0H  H2N        N      ^  Y 

H  NH2  H  NH2 
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25,46.  The  pro  ton  a  ted  form  below  is  aromatic,  In  contrast,  protonation  of  the  other 
nitrogen  atom  in  the  ring  would  result  in  loss  of  aromatic  stabilization. 

0  o 


{        s      "OH       Acid  h®^]?  OH 

V-MH      NH2  **  ^__-NH 


25.47. 


25.48. 


25.49. 

a)  6.02        b)  5.41        c)7.58        d)  3.22 

25.50.  Lysozyme  is  likely  to  be  comprised  primarily  of  amino  acid  residues  that  contain 
basic  side  chains  (arginine,  histindine,  and  lysine),  while  pepsin  is  comprised 
primarily  of  amino  acid  residues  that  contain  acidic  side  chains  (aspartic  acid  and 
glutamic  acid). 


25.51. 
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25.52. 


(planar) 


Racemic  mixture 


25.53. 

The  pi  of  Gly  =  5.97,  the  pi  of  Gin  =  5.65,  and  the  pi  of  Asn  =  5.4L 

a)  At  pH  =  6,0,  Asn  will  travel  the  farthest  distance. 

b)  At  pH  =  5.0,  Gly  will  travel  the  farthest  distance. 


25.54. 


a)  P  b)  o  c)  h        d)  no  reaction 


25.55. 

a)  Methionine,  valine,  and  glycine. 


b)  od 

c)  The  compound  is  highly  conjugated  and  has  a  A.max  that  is  greater  than  400  nm 
(see  Section  17.12) 


25.56. 


25.57.  Alanine  can  be  prepared  via  the  amidomalonate  synthesis  with  higher  yields  than 
valine,  because  the  former  requires  an  SN2  reaction  with  a  primary  alkyl  halide, 
while  the  latter  requires  an  Sn2  reaction  with  a  secondary  (more  hindered)  alkyl 
halide. 


25.58.  The  side  chain  (R)  of  glycine  is  a  hydrogen  atom  (H).  Therefore,  no  alkyl  group 
needs  to  be  installed  at  the  a  position. 

0      0  o 
H30  ,  heat 


EtO  OEt  |T  ^OH 

o 
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25.59. 


OH  1)Br2,PBr3 


2)  H20 

3)  excess  NH3 


o  o 


C) 


1)  NH^CL  NaCN 

2)  H3{y 


UNaOEt 

2)  CH31 

3)  H30+,  heat 


NH2 


25.60. 


a) 


0  0 


EtO'    Y  "OEt 


b) 


c) 


o 


i )  Br2  5  PBf 3 


2;  HaO 

3)  excess  NH^ 


1)NaOEt 


2) 


3)  H3G\  heat 
1)  NH4CI,  NaCN 


H  2)  HaO+ 


ISH5 
■  race  it  ic) 


OH 


NH2 


OH 


NH2 


25.61.  205  =  3,200,000 
25.62. 


"OH 


V-NH  NHAc 
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25.63. 

1)  Leu-Met- Vai,  2)  Leu^Val-Met,  3)  Met~Val-Leu, 
4)  Met-Leu^Val,       5)  VaKMet-Leu,      6)  VaULeu-Met 


25.64. 


valine 
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25.69. 


glycine 


25.70.  It  does  not  react  with  phenyl  isothiocyanate  so  it  must  not  have  a  free  N  terminus. 
It  must  be  a  cyclic  tri peptide: 


25.71. 

a  )  Arg     +     Pro  -  Pro  -  Gly  -Ph  e  -  Ser-  Pro  -Ph  e -A  rg 

b)  Arg-Pro-Pro-Gly-Phe     +      Ser-Pro-Phe      +  Arg 

25.72.  Phenylalanine 


25.73.  Val-Ala-Gly: 
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25,74.  There  cannot  be  any  disulfide  bridges  in  this  peptide,  because  it  has  no  cysteine 

residues,  and  only  cysteine  residues  form  disulfide  bridges. 
HiH-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val- 
G I  n  -T  rp-  Le  u  -Me  I- A  sn-Thr 


25.75.  Prior  to  acylation,  the  nitrogen  atom  of  the  amino  group  is  sufficiently 
nucleophilic  to  attack  phenyl  isothio  cyan  ate.  Acylation  converts  the  amino  group  into  an 
amide  moiety,  and  the  lone  pair  of  the  nitrogen  atom  is  delocalized  via  resonance, 
rendering  it  much  less  nucleophilic. 


25.77. 

Fh«   Boc  Phc 


[»1 

CH3OH 


Ala — OCH3 


Boc  —  PhQ  -Ala — OCH3 


1)  CFaCOOH 

2)  NaQH.  H2Q 


Phe— Ala 


686  CHAPTER  25 


25.79. 

Phe— tie 


(Bt>c)H0 


Boc — Phe— lie 


CH3OH 


Val— Leu— 0CH3 


Boc  —  Phe — He — Val  — Leu — OGHa 


1)  CF3COOH 

2)  NeOH:  H20 


Phe-   He— Val— Leu 


25.80. 


H  o 

1)  Boc^V^O6 


Cr    "  POLYMER   *-  Leu-Val-Ala 

2)  CF3COOH 

3)  Boc^VuH  rDCC 

4)  CF3COOH 

H  0 

S.)  Boc^V^OH  ,DCC 


Y 


6)  CF3COOH 

7)  HF 


25.81. 


25.82.  A  proline  residue  cannot  be  part  of  an  a  helix,  because  it  lacks  an  N-H  proton  and 
does  not  participate  in  hydrogen  bonding.  (The  amino  acid  proline  does  indeed 
have  an  N-H  group,  but  when  incorporated  into  a  peptide,  the  proline  residue  does 
not  have  an  N-H  group) 
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25,83. 


25.85.  The  stabilized  enoJate  ion  (formed  in  the  first  step)  can  function  as  a  base,  rather 


than  a  nucleophile,  giving  an  E2  reaction: 


o  o 


25.86.  The  lone  pair  on  that  nitrogen  atom  is  highly  delocalized  via  resonance  and  is 

participating  in  aromaticity.  Accordingly,  the  lone  pair  is  not  free  to  function  as  a 
base. 
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25.87. 


o 


a)  ho 


OH 


0 


Q 


HO 


OH 


Br  2 


HO' 


Br- 


OH 


h) 


25,88.  At  low  temperature,  the  barrier  to  rotation  keeps  the  two  methyl  groups  in 

different  electronic  environments  (one  is  cis  to  the  C=0  bond  and  the  other  is 
trans  to  the  C-O  bond),  and  they  therefore  give  rise  to  separate  signals.  At  high 
temperature,  there  is  sufficient  energy  to  overcome  the  energy  barrier,  and  the 
protons  change  electronic  environments  on  a  timescale  that  is  faster  than  the 
timescale  of  the  NMR  spectrometer.  The  result  is  an  averaging  effect  which  gives 
rise  to  only  one  signal. 


a)  The  COOH  group  does  not  readily  undergo  nucleophilic  acyl  substitution 
because  the  OH  group  is  not  a  good  leaving  group.  By  converting  the  COOH 
group  into  an  activated  ester,  the  compound  can  now  undergo  nucleophilic 
acyl  substitution  because  it  has  a  good  leaving  group. 

b)  The  nitro  group  stabilizes  the  leaving  group  via  resonance.  As  described  in 
Chapter  19,  the  nitro  group  serves  as  a  reservoir  for  electron  density. 

c)  The  nitro  group  must  be  in  the  oil  ho  or  para  position  in  order  to  stabilize  the 
negative  charge  via  resonance.  If  the  nitro  group  is  in  the  meta  position,  the 
negative  charge  cannot  be  pushed  onto  the  nitro  group. 


25.89. 


25.90. 


o 


threonine 


Chapter  26 
Lipids 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  26.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  Lipids  are  naturally  occurring  compounds  that  are  extracted  from  cells  using 
 solvents, 

•  Complex  lipids  readily  undergo  ,  while  simple  lipids  do  not. 

•   are  high  molecular  weight  esters  that  are  constructed  from  carboxylic 

acids  and  alcohols, 

•  are  the  tries ters  formed  from  glycerol  and  three  long- 
chain  carboxylic  acids,  called  fatty  acids.  The  resulting  triglyceride  is  said  to 
contain  three  fatty  acid   . 

•  For  saturated  fatty  acids,  the  melting  point  increases  with  increasing  

 .  The  presence  of  a  double  bond  causes  a  decrease  in  the 

melting  point. 

•  Triglycerides  that  are  solids  at  room  temperature  are  called  _,  while  those 

that  are  liquids  at  room  temperature  are  called  . 

•  Triglycerides  containing  unsaturated  fatty  acid  residues  will  undergo 
hydrogenation.  During  the  hydrogenation  process,  some  of  the  double  bonds  can 
isomeri zes  to  give  %  bonds 

•  In  the  presence  of  molecular  oxygen,  triglycerides  are  particularly  susceptible  to 
oxidation  at  the  position  to  produce  hydroperoxides. 

•  Transesterification  of  triglycerides  can  be  achieved  either  via  catalysis  or 

 catalysis  to  produce  biodiesel. 

■   are  similar  in  structure  to  triglycerides  except  that  one  of  the 

three  fatty  acid  residues  is  replaced  by  a  phosphoester  group. 

•  The  structures  of  steroids  are  based  on  a  tetracyclic  ring  system,  involving  three 
six -me inhered  rings  and  one  -membered  ring. 

•  The  ring  fusions  are  all   in  most  steroids,  giving  steroids  their  rigid 

geometry. 

•  All  steroids,  including  cholesterol,  are  biosynthesized  from  . 

•  Prostaglandins  contain  twenty  carbon  atoms  and  are  characterized  by  a  - 
membered  ring  with  two  side  chains. 

•  Terpcncs  are  a  class  of  naturally  occurring  compounds  that  can  be  thought  of  as 
being  assembled  from  units. 

•  A  terpene  with  10  carbon  atoms  is  called  a  ,  while  a  terpene 

with  20  carbon  atoms  is  called  a  . 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  26.  The  answers  appear  in  the  section  entitled 
Skill  Builder  Review. 

26 A  Comparing  Molecular  Properties  of  Triglycerides 

CIRCLE  THE  TFtSGL  YCERlDE  BELOW  THAT  IS  EXPECTECD  TO  HAVE  A  HIGHER  MELTING  POINT. 


o  o 


26*2  Identifying  the  Products  of  Triglyceride  Hydrolysis 

DRAW  THE  PRODUCTS  OBTAINED  WHEN  THE  FOLLOWING  TRIGLYCERIDE  IS  TREATED  WITH  AQUEOUS  SODIUM  HYDROXIDE . 


NaOH 


J 


26,3  Dra  wing  a  M  echani  sm  For  T  ransesterifica  ti  on  of  a  T  ri  gly  cer i  d  e 


PROTON 
TRANSFER 

NUCLEOPWUC 
ATTACK 

PROTON 
TRANSFER 

PROTON 
TRANSFER 

LOSS  OF  A 
LEA  ViNG  GROUP 

PROTON 
TRANSFER 

A 

THE  

THE  RESULTING 

THE 

THE 

DEPROTONATION 

IS 

FUNCTIONS  AS  A 

IS 

IS 

YIELDS  THE 

PRO  TONA  TED 

NUCLEOPHILE  AND 
ATTACKS  THE 
PROTOANTED 

CARBONYL  GROUP 

INTERMEDIATE 
IS  DEPRO  TOANTED, 
THEREBY  REMOVING 
THE  POSITIVE 
CHARGE 

PRO  TONA  TED 

REGENERATED  VIA 
EXPULSION  OF  THE 
LEAVING  GROUP 

PRODUCT 

26.4  Id  eni  ify  ing  I  so  p  rene  Units  in  a  Terpe  ne 


IDENTIFY  THE 

ISOPRENE  UNITS  IN 

THE  FOLLOWING  f 

h 

TERPENE 
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Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  26.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 
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Solutions 


26.1 


26.3. 

a)  trimyristin0         b)  triarachadin       c)  triolein        d)  tri stearin 


26.4. 

tripalmitolein,  tripalmitin,  and  tri  stearin 

26.5.  The  fatty  acid  residues  in  triarachadin  have  more  carbon  atoms  than  the  fatty  acid 
residues  in  tristearin.  Therefore,  triarachadin  is  expected  to  have  a  higher  melting  point. 
It  should  be  a  solid  at  room  temperature,  and  should  therefore  be  classified  as  a  fat,  rather 
than  an  oil.  Therefore,  triglycerides  made  from  la  uric  acid  will  also  have  a  low  melting 
point. 


26.6. 

a)  All  three  fatty  acid  residues  are  saturated,  with  either  16  or  18  carbon  atoms,  so  the 
triglyceride  is  expected  to  have  a  high  melting  point.  It  should  be  a  solid  at  room 
temperature,  so  it  is  a  fat. 

b)  All  three  fatty  acid  residues  are  unsaturated,  so  the  triglyceride  is  expected  to  have  a 
low  melting  point.  It  should  be  a  liquid  at  room  temperature,  so  it  is  an  oil. 


b) 
c) 
d) 


o 

Tristearin 

The  melting  point  of  tristearin  is  higher  than  triolein. 
Stearic  acid 
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26.12.  Each  of  the  three  ester  moieties  is  hydro lyzed  via  the  following  mechanism: 

©  H  Me   ^ 


T>  H-0© 


Me— O-H 


H  © 


|    CH       V'!  .0. 


26.13. 


OH 


OH 


{three  equivalents) 


26.14. 

a)  Hydroxide  functions  as  a  catalyst  by  establishing  an  equilibrium  in  which  some 
ethoxide  ions  are  present. 


H-OEt 


H?0+ 


:OEt 


j 


ethoxide 

Then,  each  ester  moiety  undergoes  transesterification  via  the  follow  ing  mechanism: 
M   -  po:  :oEt  ■"■ 


b)  Hydroxide  could  function  as  a  nucleophile  and  triglyceride  would  undergo  hydrolysis 
rather  than  transesterification. 


26.15. 


c)  No.  The  C2  position  would  no  longer  be  a  chirality  center. 
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26.16. 


a) 


o  ° 


b)  Yes.  The  C2  position  would  still  be  a  chirality  center. 


26.17. 


0 

9 


Q 

o 

So:  P- 


0 


26,18.  Octanol  has  a  longer  hydrophobic  tail  than  hexanol  and  is  therefore  more  efficient 
at  crossing  the  nonpolar  environment  of  the  cell  membrane. 


26.19.  No.  Glycerol  has  three  OH  groups  (hydrophilic)  and  no  hydrophobic  tail.  It 
cannot  cross  the  nonpolar  environment  of  the  cell  membrane. 


26.20.  A  ring-flip  is  not  possible  for  trans-docsihn  because  one  of  the  rings  would  have 
to  achieve  a  geometry  that  resembles  a  six-membered  ring  with  a  fra/is-alkene, 
which  is  not  possible.  The  ring  fusions  of  cholesterol  all  resemble  the  ring  fusion 
in  frara.v-decalin,  so  cholesterol  cannot  undergo  ring- flipping. 


Hypothetical  ring  flip 
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26.21. 


equatorial 


a) 


equatorial 


axial 


axial 
Me     Me  axial 


equatorial 


b) 


axial 


axial 

axial  CH3 


\0  H 

c)  axial 


26.22. 


oxymetholone 


26.23. 


H04 
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26.24. 

a)  PGE,  b)PGF/ft 


26.25. 


a)      menthol  b)     grandisol         cy  carvone 


26.26. 

a)  Yes,  it  has  10  carbon  atoms,  which  are  comprised  by  the  joining  of  two  isoprene  units. 

b)  No,  it  has  1 1  carbon  atoms. 

c)  No,  it  has  1 1  carbon  atoms. 

d)  No.  It  has  10  carbon  atoms,  but  the  branching  pattern  cannot  be  achieved  by  joining 
two  isoprene  units. 


26.27. 
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26.28. 


OPP 


26.29. 


a)  steroid 

b)  terpene 

c)  triglyceride 

d)  phospholipid 

e)  prostaglandin 

f)  wax 


26.30. 


O 


a-farnesene 


V 

a)  O 
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OH 


OH 


b)  OH 


(three  equivalents) 


26.31.  Both  compounds  are  chiral: 


26.32.  The  fatty  acid  residues  in  this  triglyceride  are  saturated,  and  will  not  react  with 
molecular  hydrogen. 

o 


o 


26.33. 

a)  not  a  lipid 

b)  a  lipid 

c)  a  lipid 

d)  a  lipid 

e)  a  lipid 

f)  not  a  lipid 

g)  a  lipid 

h)  not  a  lipid 

26.34. 


0 


26.35.  The  fatty  acid  residues  of  tristearin  are  saturated  and  are  therefore  less  susceptible 
to  auto-oxidation  than  the  unsaturated  fatty  acid  residues  in  triolein. 


26.36.     a  <  b  <  c 
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26.37.  Water  would  not  be  appropriate  because  it  is  a  polar  solvent,  and  terpen es  are 
nonpolar  compounds.  Hexane  is  a  nonpolar  solvent  and  would  be  suitable. 

26.38. 

a)  saturated 

b)  saturated 

c)  unsaturated 

d)  saturated 

e)  unsaturated 

f)  unsaturated 

26.39.  Arachidonic  acid 
26.40. 

a)  No.  It  is  an  oil. 

b)  No.  It  is  reactive  towards  molecular  hydrogen  in  the  presence  of  Ni. 

c)  Yes.  It  undergoes  hydrolysis  to  produce  unsaturated  fatty  acids. 

d)  Yes.  It  is  a  complex  lipid  because  it  undergoes  hydrolysis. 

e)  No.  It  is  not  a  wax. 

f)  No.  It  does  not  have  a  phosphate  group. 

26.41. 

a)  Yes.  It  is  a  fat. 

b)  Yes,  It  is  unreactive  towards  molecular  hydrogen  in  the  presence  of  Ni. 

c)  No.  It  undergoes  hydrolysis  to  produce  fatty  acids  that  are  saturated. 

d)  Yes.  It  is  a  complex  lipid  because  it  undergoes  hydrolysis. 

e)  No.  It  is  not  a  wax. 

f)  No.  It  does  not  have  a  phosphate  group. 


26.42. 


20  CARBON  ATOMS  Q    30  CARBON  A  TOMS 


26.43.  Trimyristin  is  expected  to  have  a  lower  melting  point  than  tripalmitin  because  the 
former  is  comprised  of  fatty  acid  residues  with  fewer  carbon  atoms  (14  instead  of 
16). 

o  o 
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26,44.  Each  of  the  three  ester  moieties  is  hydrolyzed  via  the  following  mechanism: 


26.45.  See  the  solution  to  Problem  26, 14. 
26.46. 


o 


26.48. 


H 

ch3 /' 
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26.49. 


b)  ftexibttene 


c)  humutene 


OH 


Vitamin  A 


e^  geranlol 


f)  sab/nej 


26.50. 


Hydrophobic  tails 
* 


O  N 


Polar  Head 


b)  Yes,  they  have  one  polar  head  arid  two  hydrophobic  tails. 


26.51. 


b)  The  methyl  group  (CI 9)  provides  steric  hindrance  that  blocks  one  side  of  the  ft  bond, 
and  only  the  following  is  obtained: 


CHAPTER  26 


26.52. 


OH 


26.53.  The  compound  is  chiraL 


26.54. 

a)  H2l  Ni 

b)  H2>  Ni,  followed  by  NaOH,  followed  by  Etl. 

c)  H2,  Ni,  followed  by  LAH,  followed  by  H20 

d)  03,  followed  by  DMS,  followed  by  Na2Cr207  and  H2S04 

e)  H2,  Ni,  followed  by  PBn  and  Br?,  followed  by  H2O 
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26,55. 

a)  Limonene  is  comprised  of  10  carbon  atoms  and  is,  therefore,  a  motioterpene. 

b)  The  compound  does  not  have  any  chirality  centers  and  is,  therefore,  achiral: 


0 


26.56. 


X. 


H.CT 


HO  OH 


NaBhL 


MeOH 


trimyristm 


Excess 


PV 


26.57. 

a)  Fats  and  oils  have  a  glycerol  backbone  connected  to  three  fatty  acid  residues. 
Plasmalogens  also  have  a  glycerol  backbone,  but  it  is  only  connected  to  two  fatty  acid 
residues.  The  third  group  is  not  a  fatty  acid  residue. 


b) 

G  © 

6 


VR' 

1  G> 


OH 


HQ, 


Na 


Chapter  27 
Synthetic  Polymers 


Review  of  Concepts 

Fill  in  the  blanks  below.  To  verify  that  your  answers  are  correct,  look  in  your  textbook  at 
the  end  of  Chapter  27.  Each  of  the  sentences  below  appears  verbatim  in  the  section 
entitled  Review  of  Concepts  and  Vocabulary. 

•  Polymers  are  comprised  of  repeating  units  that  are  constructed  by  joining 
 together. 

•  A  is  a  polymer  made  up  of  a  single  type  of  monomer. 

Polymers  made  from  two  or  more  different  types  of  monomers  are  called 


•  In  a  copolymer,  different  homopolymer  subunits  are  connected 

together  in  one  chain.  In  a  .  copolymer,  sections  of  one  homopolymer 

have  been  grafted  onto  a  chain  of  another  homopolymer. 

•  Monomers  can  join  together  to  form  addition  polymers  by  cationic,  anionic,  or 
 addition. 

•  Most  derivatives  of  ethylene  will  undergo  polymerization  under 

suitable  conditions. 

•  Cationic  addition  is  only  efficient  with  derivatives  of  ethylene  that  contain  an 
electron-  group. 

•  Anionic  addition  is  only  efficient  with  derivatives  of  ethylene  that  contain  an 
electro  n~  group. 

•  Polymers  generated  via  condensation  reactions  are  called  

polymers. 

•   -growth  polymers  are  formed  under  conditions  in  which  each  monomer 

is  added  to  the  growing  chainoneata  time.  The  monomers  do  not  react  directly 
with  each  other. , 

•  -growth  polymers  are  formed  under  conditions  in  which  the  individual 

monomers  react  with  each  other  to  form  ,  which  are  then  joined 

together  to  form  polymers. 

•  Crossed -linked  polymers  contain  bridges  or  branches  that  connect 

neighboring  chains. 

•  Thermoplastics  are  polymers  that  are  at  room  temperature  but  

when  heated.  They  are  often  prepared  in  the  presence  __  to  prevent 

the  polymer  from  being  brittle. 

•   are  polymers  that  return  to  their  original  shape  after  being  stretched. 

•   polymers  can  be  broken  down  by  enzymes  produced  by 

microorganisms  in  the  soil. 
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Review  of  Skills 

Fill  in  the  blanks  and  empty  boxes  below.  To  verify  that  your  answers  are  correct,  look 
in  your  textbook  at  the  end  of  Chapter  27.  The  answers  appear  in  the  section  entitled 
Skill  Builder  Review. 


27  A  De  te  rmini  ng  YV  h  kh  Poly  me  rization  Tech  niq  lie  is  Mo  re  Effic  text  t 


iDEMTlFY  THE 


STEP  2 

IDENTIFY  THE 

NECESSARY 
TO  MAKE  THIS 
POLYMER 


DETERMINE  WHETHER  THE  tAOh\  :.M t IV  titA'VJf  AN  ELECTRQH-_ 
QROUP  OR  AN  ELECTRON-  GROUP: 


EDG's 


EWG's 


Me       OMe  NR2 

J    J  J 


CN      CHO  0O2R 

J  J  J 


SF  EWCj  . 
TtiEti  USE 


IF  EDG, 
THEN  USE 


27,2  Identifying  thti  Monomers  Required  to  Produce  a  Desired  Condensation  Polymer 


Review  of  Reactions 

Identify  the  reagents  necessary  to  achieve  each  of  the  following  transformations.  To 
verify  that  your  answers  are  correct,  look  in  your  textbook  at  the  end  of  Chapter  27.  The 
answers  appear  in  the  section  entitled  Review  of  Reactions. 

Reactions  for  Formation  of  Chain-Growth  Polymers 

Ft  ROOR  R  R 


heat  or  light  f 


EDG  dc     u  EDG   EDG  EDG 


EDG 
EW< 

J 


EWG  ■    ....  EWG  EWG  EWG 

1)  BuLf 

2)  H20  or  C02 
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Reactions  for  Formation  of  Step-Growth  Polymers 


O 

x 

I  -  -i 


O 

JL 


A 


R  NHR 


R-N^C  +        ROH   -  R^-G^OR 


Solutions 


27.1. 


H  OAc 
I  | 

-c— c — 

I  I 

H  H 


a)  polyvinyl  acetate) 


H  Br 
I  I 
-C— C- 

H  H 


CHUT 

I  d 
H  C  H2 
l  l 

-c-c- 

H  H 


|g  polyvinyl  bromide) 
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27.5.  Isobutylene  and  styrene 
27.6. 


a)  anionic  addition 
d)  cationic  addition 


b)  cationic  addition 
e)  anionic  addition 


c)  cationic  addition 
f)  anionic  addition 


27.7. 


least  reactive 


no2 


most  reactive 


CH3 


OAc 


27.8. 


least  reactive 


most  reactive 


r 


HO0 


27.9.  An  negative  charge,  positive  charge,  or  unpaired  electron  (radical)  in  a  benzylic 
position  is  stabilized  via  resonance. 


27.10. 
Initiation 


=  CO2CH3 
R2  =  ON 


Propagation 


1  i 

H  R2 


H    ^  Hi 
■  *C-C 
H  R2 


I  I  I  I 
H    R2  H  R2 


H  R  ■ 
H  R2 


H    Ri  H    R1  H  Ri 

Ol      I     I      I      I  0| 

h2o  — c  -c  — c  -c  -c  — c : 

ill 

H    Ro  H    Rp  H  Ro 


Termination 


H    Rt  H    R1  H 

i    I    I    I  J 

I — c— c— c— c— c- 

f 

H    R,  H    Ri   H  R1 

r  1  i  i  1  i  f  -O 

! — C— C— C— C— C  —  C—  H      +  ho: 

1   1  1   1  1 

H    R2  H    R2  H 

R2 

1  1  1  1  1  J 

H    R2  H    R2  H  R2 
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27.lt 


oxalic  acid  resorcinol 
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27.13. 


a)  L  J n 

b)  Nylon  6  exhibits  a  smaller  repeating  unit. 


27.17. 

a)  step  growth 

b)  chain  growth 

27.18.  Step  growth 

27.19.  PoLyisobutylene  does  not  have  any  chirality  centers. 

27.20.  LDPE  is  used  to  make  ZipJoc  bags  and  HDPE  is  used  to  make  folding  tables. 
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27.21. 


27.22. 


H  N02 

l  l 

-c— c  

I  I 

H  H 


H  GN 

I  I 
-C — C  — 

l  I 
H  H 


H  F 
I  I 
-C— C- 
I  I 
H  F 


aj  pofynitroethyiene 


jjj  po  lya  cry  fort  ft  rite 


Q\  pofy(vinytldene  fluoride) 
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27.23. 


,0H 

a)  o 

b)  Acidic  conditions. 


HO 


27.24. 

H  CI 

W 

H  CI 


H  Ph 

w 

H  Vh 


27.25. 


H     CH3    H     Chh    H     CH3    H     Ph    H     Ph  H 

l  l         l  I       I       I       I  I 

c — c — c — c — c — c — c — c — c — c — c 

an  I  j.   jlJIj.   jl.  j.   .'.    j.   ^  ^ 


Ph 

C- 


Cl     H     H      H     CI     H  H 


,  H     CI     H     H  H 

^HHHHHHHHHHHH 


27.27. 


least  reactive 
CN 


ci 


most  reactive 


OAc 


27.28. 

I  e  ast  re  acti  v  e  m  ost  re  act  i  ve 


OAc  CH3  CN 

J  J  J 


CHAPTER  27  713 


27.29.  All  three  polymers  are  step-growth  polymers. 


a) 


H 
N— 


b) 


--o 


o 


27.30. 


a) 

b)  Qtiiana  is  a  polyamide. 

c)  Qtiiana  is  a  step-growth  polymer. 

d)  Qtiiana  is  a  condensation  polymer. 


27.31. 


a)  O 


OH 


J  n 


27.32. 


—0-4  Vo-c— 


27.33. 


a)  Step  growth 


b)  Chain  growth 
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27.34.  Nitro  groups  are  among  the  most  powerful  electron- withdrawing  groups,  and  a 
nitro  group  stabilizes  a  negative  charge  on  an  adjacent  carbon  atom,  thereby 
facilitating  anionic  polymerization. 

27.35.  Shower  curtains  are  made  from  PVC,  which  is  a  thermoplastic  polymer.  To 
prevent  the  polymer  from  being  brittle,  the  polymer  is  prepared  in  the  presence  of 
plasticizers  which  become  trapped  between  the  polymer  chains  where  they 
function  as  lubricants.  Over  time,  the  plasticizers  evaporate,  and  the  polymer 
becomes  brittle. 

27.36.  Po I yform aldehyde,  sold  under  the  trade  name  Del r in,  is  a  strong  polymer  used  in 
the  manufacture  of  many  guitar  picks.   It  is  prepared  via  the  acid-catalyzed 
polymerization  of  formaldehyde.       [[LO  27.4]]  [[LO  27.5]] 

H 
I 

C— 0- 
I 

H 

aj  pofyformafdehyde 

b)  Polyformaldehyde  is  a  polyether. 

c)  Polyformaldehyde  is  a  chain-growth  polymer. 

d)  Polyformaldehyde  is  an  addition  polymer. 

27.37.  It  bears  an  electron-withdrawing  group  (CN)  that  can  stabilize  a  negative  charge 
via  resonance,  but  it  also  bears  an  electron -donating  group  (OMe)  that  can 
stabilize  a  positive  charge  via  resonance. 

27.38.  The  nitro  group  serves  as  a  reservoir  of  electron  density  that  stabilizes  an  negative 
charge  via  resonance  (see  Chapter  19). 

27.39.  The  methoxy  group  is  an  electron  donating  group  that  stabilizes  a  positive  charge 
via  resonance  (see  Chapter  19). 

27.40.  A  methoxy  group  can  only  donate  electron  density  via  resonance  if  it  is  located  in 
an  ortho  or  para  position.  Lt  cannot  function  as  a  electron  donating  group  if  it  is 
located  in  a  meta  position  (see  Chapter  19). 


27.41. 


CI      CI      CI      CI      CI      CI      CI  Fh     Ph     Ph     Ph     Ph     Ph  Ph 


27.42. 

-  -  h  1  ^  \ -  h  I  -- 


^  ^N'^prr'  +  HO^^OH 
b)  Step  growth  c)  Addition  polymer 
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27.43. 


_,ri 


27,44.  Vinyl  alcohol  is  an  enol,  which  is  not  stable.  If  it  is  prepared,  it  undergoes  rapid 
tautomerization  to  give  an  aldehyde,  which  will  not  produce  the  desired  product  upon 
polymerization. 


27.45.  The  ester  moieties  undergo  hydrolysis  in  basic  conditions,  which  breaks  down  the 
polymer  into  monomers. 

27.46. 

a)  The  carbocation  that  is  initially  formed  is  a  secondary  carbocation,  and  it  can  undergo 
a  carbocation  rearrangement  to  give  a  more  stable,  tertiary  carbocation.  In  some  cases, 
the  secondary  carbocation  will  be  added  to  the  growing  polymer  chain  before  it  has  a 
chance  to  rearrange.  In  other  cases,  the  secondary  carbocation  will  rearrange  first  and 
then  be  added  to  the  growing  polymer  chain.  The  result  is  the  incorporation  of  two 
different  repeating  units  in  the  growing  polymer  chain. 


b) 

c)  Yes,  because  a  secondary  carbocation  is  formed  when  3 ,3  -d  i  methyl- 1  -butene  is 
protonated,  and  a  methyl  shift  can  occur  that  converts  the  secondary  carbocation  into  a 
tertiary  carbocation. 


27.47. 

a) 


Nuc:v  „<j 


Nuc  Hue       -      ^  o: 


;0: 


,.0 
.or 


polyethylene  oxide) 
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b) 


polyethylene  oxide) 


d)  Acidic  conditions  are  required,  because  the  epoxide  is  too  stericalJy  hindered  to  be 
attacked  under  basic  conditions  (see  Section  14.10). 

27.48. 


